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FRODEX 


CORN SYRUP SOLIDS 


A distinct and unique contribution 
to the technology of ice cream manu- 
facturing since it was pioneered by 
American Maize some two decades 
ago, FRODEX (corn syrup solids) is 
still the corn sweetener most widely 
used by leading ice cream manufac- 
turers. 

Its many advantages for all types of 
ice creams, specialties, novelties and 
ice milk consistently mean better qual- 
ity, more economically produced. 
FRODEX substantially enhances flavor, 
adds smoothness, improves keeping 
qualities and builds the all-important 
total food solids content. 

The many uses and growing advan- 
tages of FRODEX are the result of con- 
tinuing research into fine products 
made from corn by American Maize- 
Products Company. 











DID YOU KNOW that American 
Maize also has pioneered impor- 
tant applications in many other 
industries? For example . . . oil 
well drilling. 


If you would like more infor- 
mation on FRODEX, please write. 


AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE e¢ NEW YORK 17,N.Y. 
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Precision-made Kimble Glassware — standard in an exacting industry. 


KIMBLE DAIRY TEST WARE 


Made to make the most rigid tests of the industry 


Outstanding quality and assured accuracy have es- 
tablished Kimble Dairy Glassware as the recognized 
standard of the dairy industry—for test, analysis, 
and control. 

Kimble Dairy Glassware meets all federal and 
state requirements . . . passes the most rigid tests for 
accuracy and serviceability. It is made by skilled 
craftsmen who have devoted a lifetime to the crea- 
tion of precision scientific instruments. 

Kimble Dairy Glassware is distributed by leading 
dairy supply houses throughout the United States 
and Canada. 


KIMBLE DAIRY TEST WARE 


AN () PRODUCT 


New Free Catalog. It lists and 
describes the instruments needed~ 
for dairy products tests. Fill in 
and mail coupon now. 
| Kimble Glass Company : 
subsidiary of Owens-Illinois, Toledo 1, Ohio 


Send Kimble Dairy Test Glassware Catalog K-56 
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Special A.D.S.A. Committee Announces 
New Journal Procedures 


A special committee was appointed in June, 
1956, by the Executive Board of the American 
Dairy Science Association to study the handling 
of our editorial services. Members of this com- 
mittee — President C. F. Hurrman, W. M. 
Rogserts, and W. V. Prick — completed their 
assignment in September, 1956, when the Execu- 
tive Board accepted their recommendations. 

As a result of this action a new system of 
handling editorial work comes into operation 
with this issue of the Journal, when E. O. Her- 
REID succeeds Paut H. Tracy as Editor-in-Chief 
of the Journal of Dairy Science. 

In recent years the editorial work of prepar- 
ing the Journal for printing has grown steadily. 
The popular new departments recently intro- 
duced by Paul H. Tracy require additional 
planning, correspondence, and editorial super- 
vision. It has become apparent to members of 
the Journal Management Committee and the 
Executive Board that these editorial responsi- 
bilities have outgrown the services of only a 
part-time editor and his assistants. Reorgani- 
zation and reassignment of editorial responsi- 
bilities have been made under the new system. 

The new changes assign all routine steps 
of preparing the Journal for the printer to a 
professional staff of The Garrard Press. The 
sereening of all papers, articles, and abstracts 
remains in the hands of our Editor, his assistant, 
W. O. NELSON (in charge of Abstraets), and 
the 12 members of the Editorial Board. 

The routine editorial services will be the direct 
responsibility of Ricuarp J. DANDENEAU of 
The Garrard Press, Champaign, Lllinois. Mr. 
Dandeneau obtained his B.A. degree at Ohio 
Wesleyan Uniy., Delaware, and his M.S. in 
Journalism at the Univ. of Wisconsin, Madison. 
He also has taken post-Master’s work in English 
and speech at Michigan State Univ., East Lan- 
sing, and at the Univ. of Illinois, Urbana. 

Before joining the staff of The Garrard Press, 
Mr. Dandeneau did editorial work with several 
newspapers, was a member of the public rela- 
tions staff at Michigan State Univ., and served 
as editor for the Bureau of Business Manage- 
ment and taught Business English at the Univ. 
of Illinois. 

As each paper is approved for publication 
by our Editor-in-Chief, it will be given to Mr. 
Dandeneau and his staff to edit for style, pune- 





tuation, and basie grammatical construction 
before it goes to the printer. All proofs, as 
usual, will be sent to the author and our Editor- 
in-Chief for approval before printing. 

Contributors of original papers, articles, and 
abstracts to the Journal will see no change in 
the routine of publication. News correspondents 
should send their material directly to Mr. Dan- 
deneau at The Garrard Press, but even news 
items will be checked by Editor Herreid before 
publication. 

In addition to these editorial services, The 
Garrard Press will handle nonmember subserip- 
tions and work connected with advertising other 
than sales, 

Details of all of these services were developed 
during many weeks of conferences and corre- 
spondence with The Garrard Press, other 
agencies, and Secretary H. F. Jupkiys before 
the program was finally recommended to the 
Executive Board for action. Other organiza- 
tions involved in these discussions were: The 
American Society of Agronomy, The American 
Association of Cereal Chemists, The Olsen 
Publishing Company, and The Waverly Press. 
All were most helpful in aiding the committee 
in its study of the problem. Special thanks go 
to Paun H. Manor of The Olsen Publishing 
Company for conferring directly with the 
Executive Board and extending every possible 
aid to the committee. 

The committee is especially grateful for the 
cheerful assistance of L. G. MonrHey, execu- 
tive secretary of The American Society of 
Agronomy, and R. J. TarLeron, business man- 


ager of The American Association of Cereal 
Chemists. Explorations of common interests 


with these men have been most stimulating. 
They and the organizations they represent have 
indicated to the officers of the A.D.S.A. more 
than a casual interest in closer cooperation. 
Eventually intersociety cooperation may make 
possible greater efficiency in serving members, 
and attractive economies in costs of business 
management for all groups concerned. 


A.D.S.A. Annual Meeting Dates Set 
for June 26-29, 1957 
The dates for the 1957 annual meeting of the 


A.D.S.A. have been set for June 26-29 by the 
host institution, Oklahoma A & M College, 


Stillwater. The meeting will coincide with Okla- 
homa’s celebration of its 50th year of statehood. 
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There’s a Lot 
Going on at 

That You Ought 
to Know About! 





At the 1956 Dairy Industries 
Exposition, CP introduced the 
most significant line-up of new 
equipment and products ever 
presented in one place, at one time 
in our entire history! 


They represent a new look— 

a fresh approach—and bold new 
design concepts...all developed to 
help you produce better products 
and new “Frontiers for Profit’ — 
in line with current trends in 
dairy industries. 


Here are Some of the Products that Attracted Widest Attention: 


NEW CP Stainless Steel Homogenizers—includ- 
ing a revolutionary 5-Cylinder model with 
capacities up to 6000 gph. 


NEW CP Crescent Plate Heat Exchangers—with 
96” press for 50,000 Ib./hr. pasteurizing. 


NEW CP M-55 Stainless Continuous Freezer— 
America's largest capacity freezer. 


NEW CP 10-Cylinder "Type K" Booster Com- 
pressor—larger ‘booster’ capacity in less 
space. 


NEW CP Stainless Rotary Pump—positive dis- 
placement type with resilient rotors that 
multiply pump life. 


THE Creaweceg 


Package 


MFG. COMPANY 





NEW CP “SC” Crescent Plate Heat Exchanger— 
the plate exchanger with “half the gaskets” 
for smaller and medium plants. 


NEW CP “'Vac-Heat”’ Product Treating Process— 
insures uniform top taste the year-round. 


NEW CP “Swept Surface’’ Heat Exchanger— 
for continuous heating or cooling of liquid 
and semi-solid products. 


NEW CP Conveyor—fully mechanized handling, 
single units or engineered systems. 


NEW CP “Pump Caddie”’—brings the pump to the 
job easier—for CIP or product pumping. 


NEW CP 375-Gallon Factory-Sealed MilKeeper® 
— bigger capacity in the only direct expan- 
sion, capillary system farm tank. 


DETAILED INFORMATION ON ALL OF 
THESE CP "FIRSTS" SHOULD BE PART 
OF YOUR WORKING DATA. 

WRITE FOR FULL DETAILS OR BULLETINS. 


Creamery Package Mfg. Co. of 


THE MARK OF 
DISTINCTION IN 
DAIRY PROCESSING 
EQUIPMENT 


General and Export Offices: 
1243 W. Washington Bivd., Chicago 7, Ill. 
Sales Offices and Branches in 23 Principal Cities 


Canada Ltd., 
267 King Street, 
West Toronto 2B, Ontario 
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Plans for the meeting are being made by com- 
mittee members, some of whom are shown above. 
Left to right are: Mrs. C. L. Norton, chair- 


man of the women’s committee; C. L. Norton, 
head, Department of Dairying, Oklahoma A & 
M; Ouiver S. WILLHAM, president of Oklahoma 
A & M; 8. D. Muserave, co-chairman of even- 
ing, women’s, and children’s con:mittees; H. C. 
OLson, chairman of the steering committee; 
and A. K. Dar.Low, vice-president and dean of 
agriculture, Oklahoma A & M. 


Balch Studying at V.P.I. 


DonaLD BaLcu, instructor in the Animal and 
Dairy Husbandry Department, Univ. of Ver- 
mont, Burlington, is on leave of absence study- 
ing for his Ph.D. degree at Virginia Polytechnic 


Institute, Blacksburg. KENNETH CHAPMAN 
(B.S., Univ. of Maine, 1954; M.S., Univ. of 


Vermont, 1956) is taking his place. 


News from Montana State 


J. C. Boypb, associate professor, Univ. of 
Idaho, Moscow, has become head of the Dairy 
Industry Department at Montana State College, 
Bozeman. Dr. Boyd earned the B.S. degree in 
dairy manufacturing at Washington State Col- 
lege, Pullman, in 1939; the M.S. degree at 
Montana State in 1942; and the Ph.D. degree at 
Michigan State Univ., East Lansing, in 1955. 
He succeeds J. A. NeEuson, who has served in 
the department for over 34 vears, 29 as head 
of the department. Dr. Nelson will remain in 
the department, devoting full time to teaching 
and research, 


J. O. TrRETsvVEN, extension dairyman, has re- 
tired from active duty. He served for 47 years, 
first as herdsman, later in teaching and re- 
search, and then as extension dairy specialist. 
He was the winner of the DeLaval Extension 
Dairyman Award for distinguished work at the 
50th annual meeting of A.D.S.A. held at the 
Univ. of Connecticut, Storrs, in June, 1956. 


The 21st Annual Dairy Industry Short 
Course was held at Montana State College, 
Nov. 12-14. Appearing on the program as 


guest instructors were: R. D. Bovey, Klenzade 
Products, Ine.; C. D. DAHLE, professor emeritus, 


The Pennsylvania State Univ., University Park; 
C. C. Goruam, Gold Medal Dairies; Jay C. 
Harris, Evergreen Northwest Breeders, Ine.: 
Lioyp R. HunzaKker, Utah State Agricultural 
College, Logan; and S. A. Roper, Jr., Ameri- 
ean Dairy Association. The 22nd Annual Short 
Course will be held Noy. 18-20, 1957. 


Ohio State News Items 


Howaro A. Hartiey has been appointed in- 
structor in the Department of Dairy Technol- 


ogy, effective Jan. 1. His duties will be to 
manage the dairy plant. 

Mr. Hartley received a B.S. degree from 
Purdue University, West Lafayette, Ind., in 


1953, and an M.S. degree from the University 
of Idaho, Moscow, in 1956. For the past three 
years, he has been an instructor at Idaho. 


Date A. SEIBERLING has been granted a leave 
of absence to serve as a dairy engineering con- 
sultant to fhe International Cooperative Ad- 
ministration and the Technical Cooperative 
Mission to India. 

Mr. Seiberling left the first of the vear for a 
three-day stay in London en route to New 
Delhi, India. While in India, where he will 
spend about 10 weeks, he will assist with the 
development of equipment layouts and speciti- 
cations for a pasteurizing and bottling plant 
for the Caleutta Milk Scheme, a spray-drying 
plant, several small dairies, and two agricul- 
tural college dairy plants. 

Over 200 dairy plant fieldmen, sanitarians. 
and others interested in field problems attended 
five district field meetings in Ohio. Herd health, 
local dairy economie outlook, milk production 
efficiencies, quality milk, and producer-field- 
man relationships were discussed. 

The meetings were sponsored by the O.S.U. 
Department of Dairy Technology and the Ohio 
Dairy Products Association. 


The high-school student recruitment program 
got under way at O.S.U. January 22 with a 
dinner meeting for high-school principals and 
counselors. Preceding the meeting, a tour of 
the facilities of the Department of Dairy Teeh- 
nology was conducted. 

The program resulted from a meeting held 
in December by the Education Committee of the 
Columbus Milk Distributors Association on the 
O.8.U. campus. 


Prominent visiting speakers will participate 
in the 24th Annual Dairy Technology Conter- 
ence at O.S.U., Feb. 5-8, according to prelimi- 
nary program plans. 

Speakers included are R. C. THomsex, Uni- 
versity of Wisconsin, Madison; E. O. Hrrret, 
University of Illmois, Urbana; R. Dierericn, 
National Dairy Products Co.; J. CULLEN and 
EK. CRrarrs, 
IKXICKINSON, 


C. Harper, Beatrice Foods Co.; J. 
Batavia Transportation Co.; K. 
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the ELECTROBRAIN 





push-button way 


A while back, we ran a series of 
meetings in which the proper 
washing of bucket and pipe line 


were well attended... but... they 
called for more time and man 
power than we could produce. 


milking machines was discussed 
The meetings 


So we turned the meeting into 
a movie —“‘C.I. P.”” — 40 minutes 
in length, on 16 mm film, in full 
color. This movie shows how 
pipe line milkers can be Cleaned 
in Place, the automatic, push- 
button way. 


We doubt that we can get 
prints fast enough to satisfy 
everyone at once. If you can look 
down the road and figure out 
that you will need a print — we 
ask you to set your date and tell 
us as soon as you can. 


There is no charge. 
Copyright 1957, Babson Bros. Co. 
4 


in some detail. 





BABSON BROS. CO. 


2843 W. 19th Street e Chicago 23, Illinois 





MINNEAPOLIS 
TORONTO 


ATLANTA e HOUSTON e KANSAS CITY e 
SACRAMENTO e SEATTLE e SYRACUSE e 
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Marathon Co.; J. J. Franxuin, Proctor and 
Schwarts, Inc.; C. Weryreicu, Cherry-Burrell ; 
W. IL. Parrerson, USDA; E. Greaser, Napo- 
leon Creamery; R. E. Evprep, A. & P. Food 
Co.; Max Hinps, USDA; and J. SmaruHers, 
Maryland-Virginia Milk Products Association. 

A number of other specialists will also appear 
to discuss developments in the fields of butter, 
field work, market milk, engineering, ice cream, 
and condensed products. 


The Ohio Dairy Products Association will 
hold its annual convention Feb. 18-20 at the 
Hotel Cleveland, Cleveland, 0. 


The date of the Milk Sanitarians Short 
Course at O.S.U. has been changed from March 


11-15 to April 1-5. 


Penn State News Items 

During the past year the Dairy Science De- 
partment at The Pennsylvania State Univ., Uni- 
versity Park, was privileged to have as a_ re- 
search associate Davin A. Forss, a_ research 
officer in the Dairy Research Section, Com- 
monwealth Scientific and Industrial Research 
Organization of Australia. 

Dr. Forss’s visit here was made 
through a year’s leave of absenee. He was ac- 
companied by his wite and daughter. 

His principal research efforts at Penn State 
concerned identification of flavor compounds 
produced in milk by ionizing radiations. The 
use of gas chromatography and mass spectrom- 
etry were emphasized in this work which was 
supported by the Radiation Preservation 
Branch, Quartermaster Food and Container 
Institute for the Armed Forces, Chicago, Il. 

The Forsses made several trips in this country 
—to such points of interest as Massachusetts 
Institute of Technology, Cambridge; Univer- 


possible 


sity of Illinois, Urbana; Quartermaster Re- 
search and Development Command, Natick, 
Mass.; Philip Morris Research Laboratories, 


Richmond, Va.; the A.D.S.A. annual meeting, 
Storrs, Conn.; and the American Chemical So- 
ciety meeting, Atlantic City, N. J. 

Mr. Forss and his family left Nov. 1 to return 
to Australia via England and the Cape of Good 
Hope. En route he is visiting laboratories con- 
cerned with flavor research and chroma- 
tography in England and other parts of Europe. 

Mr. Forss is widely known for his research on 
the identification of carbonyl compounds asso- 
ciated with oxidized fiavor in milk. It was a 
most stimulating experience to have him and 
his family in the dairy group at University 


Park. 


gas 


‘*Miracle of Milk’’ Reprints 
Still Available 
A limited number of reprints of “The Miracle 


of Milk” (Journal of Dairy Science, Sept., 


1955) by L. L. Rusorr, Louisiana State Univ., 
Baton Rouge, are still available in the Editor- 
may be 


in-Chief’s office. Orders directed to 


E. O. Herre, Department of Food Tech- 
nology, 101 Dairy Manufactures, Univ. of 
Illinois, Urbana. Cost of the reprint is 9 cents. 
Dairy Meeting to Be Held in New 
Georgia Conference Center 





Food 
18-21, 


and 
Feb. 


The Ice Cream Short Course 
Handlers Conference will be held 
at the Univ. of Georgia, Athens. 

The meeting will be held in the new Georgia 
Center for Continuing Edueation. This Center 
has 26 conference that will seat 786 
people. The auditorium will accommodate 44 
people and it has a stage equipped for tele- 
vision performances. There are dining-room 
facilities for 950 people, bedrooms for 296, and 
parking for 833 automobiles. Beneath the audi- 
torium is an exhibit hall. 

This fine center for adult education was 
made possible by grants trom the State ot 
Georgia and from the W. K. Kellogg Founda- 
tion, Battle Creek, Mich. 


Michigan State to Host Feb. 
Dairy Engineering Meet 

More profit through better engineering will 
be the theme of the Annual National Dairy 
Engineering Conference to be held Feb, 26-27 
in the Kellogg Center at Michigan State Univ.., 
East Lansing. 

Timely subjects to be discussed are new de- 
velopments in pasteurization and equipment, 
the packaging and distribution of milk, plant 
expansion and handling materials, and plant 
design and maintenance. 

In addition to prominent speakers from in- 
dustry, appearing on the program will be C. W. 
Haut and J. J. Prive, Department of Agri- 
cultural Engineering, Michigan State Univ. 
G. M. Trout, Dairy Department, Michigan 
State Univ., will moderate a panel of experts 
on topics discussed during the conference. 


roots 


Flavor, Sanitation, Automation Discussed 
at Kentucky Meeting 

Milk product flavors, sanitation, and auto- 
mation were the subjects discussed at the Univ. 
of Kentucky’s Fourth Annual Dairy Manu- 
facturing Short Course held recently at Lexing- 
ton. 

Some 90 industrial people heard banquet 
speaker, Pror. B. E. GoopaLe of Clemson Col- 
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Why shackle feed performance 
with “phantom” phosphorus? 


ODAY’S mixed feeds are formulated for 

greater feed efficiency and to meet in- 
creased demands of farm animals. But the 
performance of even the most carefully 
formulated feeds may be limited by the 
quality of the phosphorus. 

Top-quality feed phosphorus can help 
assure full value from every ingredient. 
‘‘Phantom’”’ phosphorus, however, can 
shackle feed performance. The reason: live- 
stock and poultry can’t utilize ‘“‘phantom” 
phosphorus. . . phosphorus that is biologi- 
cally out of reach. 

And phosphorus in feed supplements is 
more important than ever for today’s 
harder working animals. They grow faster, 
produce more . . . need up to 79% more 
available phosphorus every day. And ov- 
er-worked fields frequently can’t provide 
it in home-grown feeds. 


ER 
of) 


International's Feed !n- 
gredient s Department pe- 
riodically sends out tech- 
nical releases and re- 
prints on phosphate nu- 
trition. If you would 
like your name on our 
mailing list, please drop 
us a post card. 


That’s why feed manufacturers who are 
interested in providing complete phosphor- 
us nutrition use superior feed phosphorus 
products like International’s chemically 
processed and purified dicalcium and tri- 
calcium phosphates. 

For example, the proven higher biologi- 
cal availability of International’s dicalcitum 
phosphate — DynaFOS — as shown in the 
chart below, means more usable phos- 
phorus .. . less “phantom” phosphorus. 





One pound of Dynamic DynaFOS delivers 
as much available phosphorus as 2 to 9 
pounds of unprocessed, raw phosphates... 




















ihe Softor | Curacao B 
Specifications |DynaFOS) Colloidal | Island | jgeu 
Phosphate | Phosphate - 
1 4 
Phosphorus 18.5% 9.0% 14.0% 13% 
Content 
2 
Dynamic roo | tessthan} = 79 | 70-100 
(Biological ) Value 
3 
“Pc” | 2701.5 atl 96s. | 
Per Ton 
600- 
1,200 15,000 5,000 
Maximum ; 8,760 
Fluorine Content} = °°™ one ppm ppm 




















PHOSPHATE CHEMICALS DIVISION 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
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lege, Clemson, S. C., emphasize the importance 
of flavor by stating, “Flavor influences the ac- 
ceptability of nearly everything that passes 
the lips... ...” 

He added that in this great scientific age 
dairymen are not as progressive in controlling 
flavor as are their competitors in other food 
industries. 

Clinies were conducted on ice cream by 
W. M. Roserts, North Carolina State College, 
Raleigh; on buttermilk and cottage cheese by 
M. F. Haues, Chr. Hansen's Laboratories; and 
on cheese by H. E. Meister, Acting Chief of 
Inspection and Grading Branch, USDA, Wash- 
ington, D.C. 

The Short Course was sponsored jointly by 
the Dairy Section of the University and the 
Kentucky Dairy Products Association. 


Aschbacher Joins North Dakota Staff 


A new addition to the staff of North Dakota 
Agricultural College, Fargo, is Perer W. AscH- 
BACHER, who comes to North Dakota as assist- 
ant professor of dairy husbandry and assist- 
ant dairy husbandman of the North Dakota 
Agricultural Experiment Station. 

He replaces T. L. Forster, who has joined 
the staff of Washington State College, Pullman. 

Mr. Asechbacher was born and reared on a 
dairy farm near Ashville, Wis., and received his 
B.S. and M.S. degrees from the Univ. of Wis- 
consin. He expects to complete his Ph.D. at 
Wisconsin in the physiology of reproduction. 


Louisiana State News 


W. J. A. Payne, Animal Husbandry Office, 
British Fiji Civil Service, who is in the U.S. 
on a Commonwealth Fund Fellowship, will 
make his headquarters at Louisiana State Univ., 
Baton Rouge. 

Mr. Payne, who will be in the U.S. for a 
year, has chosen L.8.U. as headquarters be- 
cause he is primarily interested in climatology, 
especially the heat tolerance phase. His ap- 
pointment as a visiting lecturer will permit him 
to visit such classes and laboratories as he may 
choose. 


N. J. MATHERNE, formerly county agent of 
Washington Parish, has become an associate 
extension dairyman at L.S.U. He replaces 
L. L. Fuumer, who has returned to county 


agent work. 


F. R. LANpAGORA has joined the staff of the 
Department of Animal Industry, University of 
Puerto Rico, where he will do research and 
teaching in animal nutrition. 

Mr. Landagora, a native of the Philippine 
Islands, received his B.S. degree from Utah 
State Agricultural College, Logan, and his M.S. 
degree from Oklahoma A & M College, Still- 
water. He was working toward his Ph.D. 
degree at L.S.U. when he accepted the position 
in Puerto Rico. 


OF DAIRY 





SCIENCE 


The Weigh-a-Day-a-Month Plan of milk and 
feed recording on dairy farms is getting a start 
in Louisiana. So far, 10 farmers are partiei- 
pating in this program; and because this service 
is very inexpensive and entails a minimum ot 
record-keeping there is a growing interest 
among dairy farmers. The one-day records 
are sent to L.S.U. for computation on IBM 
machines, 

It is not expected that the Weigh-a-Day-a- 
Month Plan will displace D.H.L.A. associations ; 
but rather that it will supplement them where 
farmers have been unable to form organizations 
and carry on more complete record-keeping. 

Consumer milk-buying habits are changing, 
according to reports from the New Orleans 
area. Homogenized milk, paper containers, 
larger-sized containers, and buying from retail 
stores are all gaining in popularity. Door-to- 
door delivery is losing out to the specialized 
dairy stores and groceries. 


Judging Contest Held at Clemson 


Judging teams from Mississippi, Texas Tech, 
and Maryland took top honors at the Southern 
Regional Dairy Products Judging Contest held 
recently at Clemson College, Clemson, S.C. 

Banquet speaker was J. W. JoNEs, director ot 
agricultural teaching at Clemson, who spoke 
on the topic, “The Dairy Industry in the Present 
Keonomy.” 

Superintendent of the contest was F. W. 
WarREN, North Carolina State College, Raleigh. 
A sidelight of the contest was a trip for the 
participants through Clemson’s Agricultural 
Center, including the new dairy plant. 


Reeves Joins Clemson Staff 


Cavin B. Reeves has ber . named extension 
dairy specialist for the Extension Service at 
Clemson College, Clemson, S.C. 

Mr. Reeves received a B.S. degree in dairying 
from Oklahoma A & M College, Stillwater, in 
1942, and an M.S. in dairy technology from 
The Ohio State Univ., Columbus, in 1947. He 
served for a time as assistant professor of dairy 
husbandry at New Mexico A & M College. 
Mesilla Park; and he has had practical experi- 
ence in dairy plant operation in Philadelphia. 
Pa. While at Clemson, Mr. Reeves will devote 
his time to milk-processing plants including 
ice cream, butter, and evaporating plants. 


News Items from Cornell 


R. H. Barnes, former director of biochem- 
istry at Merck, Sharp, and Dohme Research 
Laboratories, has been named dean of the 
School of Nutrition at Cornell Univ., Ithaea. 
y.. Bs 

He succeeds L. A. Maynarp, who directed 
the school from its founding and who had 


taught at Cornell since 1915. Mr. Maynard re- 
tired in 1955. 
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There is 
no substitute 
for quality 










The growth and prosperity of the dairy industry depends upon 
quality dairy products and lower production costs. 

Consumers buy dairy products by their eyes and taste. 

Eye appeal—taste appeal—may be more important than the price 
tag in increasing the sale of dairy products. Check up on your own 
buying habits. You buy dairy products when they look good 

and taste good. 

Rapid-Flo Dairy Filters, the Rapid-Flo Check-Up and 
Rapid-Flo Quality Programs are engineered 
to make the dairy sanitarian’s job easier 
in winning the cooperation of the producer, 
who is interested in improving 
quality and lowering costs. 

Your local Rapid-Flo 
representative will gladly 
help you with your 
program to improve quality 
and cut production costs. 
















Filter Products Division 





4949 West 65th Street, Chicago 38, Illinois 


Copyright 1956, Johnson & Johnson, Chicage 
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LAYOUT, EQUIPMENT and DETERGENTS 
FOR AUTOMATION CLEANING 


Spray Balls 
FOR STORAGE TANKS 


Custom-engineered by Kienzade to 
meet the sanitary needs of each par- 
ticular installation. Another Klenzade 
“first’’ — pioneered and developed by 
Klenzade field and technical staffs. 


Spray Arms 
FOR EVAPORATORS 


First in the field with job-engineered 
spray arms for automation pan and 
evaporator cleaning. A real contribu- 
tion to higher sanitation standards and 
lower costs. 


Rotor-Jet 
FOR BULK PICK-UP TANKS 


Complete automatic program timing. 
Only minutes required for a thorough 
cleaning. Technique originated by 
Klenzade. 











Re-Circulating Unit 


FOR HIGH TEMP. EQUIPMENT AND 
CIP CLEANING OPERATIONS 


KLENZADE PRODUCTS, Inc. 


BELOIT, WISCONSIN 











Mr. Barnes received his Ph.D. in physiological 
chemistry at the Univ. of Minnesota, St. Paul. 
in 1940, and did his undergraduate work at 
San Diego Teachers College, San Diego, Calit. 
He has also been a member of the faculty ot 
Rutgers Univ., New Brunswick, N. J. 


Winuiam K. Jorpax, Department of Dairy 
Industry, will be on sabbatical leave in Sweden 
during the spring term and summer of 1957. 
He will serve with the Research and Develop- 
ment Department of Wedholms A.B in Nykop- 
ing, Sweden, a company which manufactures 
dairy equipment. While abroad, Mr. Jordan 
plans to visit dairy schools in) Scandanavia, 
Scotland, and England. 


B. L. Herrincrox, Department of Dairy 
Industry, will spend his sabbatical leave during 
the spring and summer, 1957, at the Roval Col- 
lege of Veterinary Medicine, Copenhagen, Den- 
mark, where he will serve as a lecturer. While 
in Seandanavia, he will Visit) research 
centers throughout Europe. 


also 


Some recent developments in the manutac- 
ture and quality control of cottage cheese 
were discussed during a recent cheese clinic at 
Cornell. Ertxk Lunpstepr of H. P. Hoop and 
Sons, Boston, Mass. proposed the formation ot 
a national organization of soft cheese manu- 
facturers. The group unanimously approved 
the idea and elected Mr. Lundstedt chairman 
of the organizing committee. 


F.D.A. Promotes J. K. Kirk 


J.AKENNETH KIRK, a technical administrative 
officer in the Food and Drug Administration’s 
Bureau of Enforcement, has been named chiet 
of the F.D.A. Boston District. He succeeds 
F. Lesuige Hart, who has retired from govern- 
ment work after 38 years of service. 

Mr. Kirk began his career with the F.D.A. 
as a junior inspector in 1930 and did inspection 
work in New York, Buffalo, Pittsburgh, and 
Philadelphia. Since 1940 he has specialized in 
regulatory work on food in the Washington 
administrative offices. He is the holder ot 
awards for service from the National Civil 
Service League and from the U.S. Depart- 
ment of Health, Education, and Welfare. 

Retiring Mr. Hart will go to Rio de Janeiro. 
Brazil, S.A., as a consultant for the Pan Ameri- 
can Sanitary Bureau, World Health Organiza- 
tion. 


Grant Hartman Recovering from 
Train-Auto Accident 


GRANT HartTMAN, chemist for the White 
House Milk Co., Ine., Manitowoc, Wis., is re- 
covering from injuries suffered when his car 
was struck by a train Dee. 11, just outside ot 
Port Washington, Wis. 
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Recent Deaths 
Mrs. I. W. Rupet, wife of I. W. RuPEL, 
Texas A & M, College Station, a member 
of the Board of Directors of the American 
Dairy Science Association, passed away 
Dee. 9, 1956. 


ArtHuR Harris, 75, president of 
Arthur J. Harris and Co., Chicago, died 
Dee. 6 in Presbyterian Hospital, Chicago. 
Funeral services were held Dec. 10. 

Frank B. AstrrorH, 63, one of the 
nation’s leading dairymen, died of a heart 
attack at his Farmington, Minn., dairy 
farm Noy. 30, 1956. 

During his career he was president of 
the American Jersey Cattle Club for three 
terms; a field representative, 1921-1931, 
and a director of the club from 1947-1950. 
He was active in the Dairy Shrine Club, 
Purebred Dairy Cattle Assoc., and the 
Minnesota Jersey Cattle Club. 

Mr. Astroth was nationally known for 
the registered Jersey breeding stock sold 
from his Bryn Mawr farm. 











Wisconsin Fieldmen Meet Feb. 7; 
Manufacturers to Convene April 2 


The 1957 Annual Wisconsin Dairy Plant 
Fieldmen’s Conference is scheduled for Feb. 
7-8 at the Univ. of Wisconsin, Madison. 

Some 15 sessions are scheduled for the two- 
day meeting on the following topics: How Our 
Changing Agriculture Affects the Fieldman; 
New Research for New Farm Problems; Making 
Fieldwork More Effective; What the Field- 
man Should Know About the Mastitis Prob- 
lem in 1957; The Urgeney of Meeting Quality 
Requirements in 1957; Milk Flavors and Their 
Control; Practical Feeding Schedules to Con- 
trol Feed Flavors; Intake Inspection; What 
Research Tells Us About Meters for Measuring 
Milk from Bulk Tanks; Practical Experiences 


in Milk Measurements; What Research Tells 
Us About the Performances of Bulk Tanks; 
What About 3A Standards for Farm Milk 


Handling Equipment; Making Reciprocal In- 
spection Work; and Getting People to Under- 
stand. 

H. C. Jackson, Univ. of Wisconsin Depart- 
ment of Dairy and Food Industries, is chairman 
of the Feb. 7 session; and BurpDETTE FISHER, 
also of the Dairy and Food Industries Depart- 
ment, is chairman of the Feb. 8 session. 

Also to be held on the Unty. of Wisconsin 
campus April 2-3 is the Anaual Wisconsin 
Dairy Manufacturers’ Conference. The pro- 
gram for this meeting is still in the planning 


stage. 
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Products 
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For highest quality products —uni- 
form aroma, smoothness, flavor. 
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first propagation. 
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bottle 
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Annatto Butter Color 
Dandelion Butter Color 
Certified Butter Color 
Starter Distillate 

Ice Cream Color 

Dri-Vac Lactic Culture 
Culture Flasks 
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Milk Concentrates Is Topic of March 
USDA Conference 


Milk concentrates will be the featured topic 
at a research conterence to be held March 19-20, 
1957, at the USDA Eastern Regional Research 
Laboratory, Philadelphia, Pa. 

The two-day conference has been developed 
by the USDA in cooperation with directors of 
the Eastern Agricultural Experiment Stations. 
Papers will be given by representatives from 
governmental universities, and in- 
dustry. 

Topies to be discussed include “Factors In- 
fluencing the Stability of Milk Proteins,” “Some 
Effects on the Process of Homogenization on 
Protein Stability,’ ‘“Nonprotein Nitrogen 
Changes in Stored Evaporated Milk,” “Studies 
in Atmospherie Oxidation of Fatty Acids,” 
“Fatty Acids of Milk,” “Dried Whole Milk: 
A New Physical Form,” “Process Innovations 
Improve Fresh Milk Concentrate,” and “Frozen 
Concentrated Milk.” 


agencies, 


Hazelton, North, Noznick Receive 
Beatrice Service Emblem Awards 


Three A.D.S.A. members have received serv- 
ice emblem awards from the Beatrice Foods 
Co., Chieago. 

They are Joun F. Haz.eron, executive vice- 
president, who received a diamond pin for 
35 years service with Beatrice; GERALD C. 
Nortu, director of the new products and ma- 
terials department, who received a 20-year 
service award; and Perer P. Noznick, director 
of research, who received a 15-year service 
award, 


Completed Theses 

M.S. degree 

M. C. Bapami — The effect of supercentrifuga- 
tion on the components of the milk lipase 
systems. Ohio State Univ., Columbus. 

Ph.D. degree 

J. R. NicHo_s — Superovulation and ova trans- 
plantation in the bovine. Univ. of Minnesota, 
St. Paul. 





STUDENT CHAPTER NEWS 


A section devoted to the activities of dairy students 


E. L. TuHomas, Editor 


Clemson College Student Honored 


Dixon B. Lee, a dairy student of Clemson 
College, Clemson, 8.C., was the recipient of the 
Milk Industry Foundation Agricultural Leader- 
ship Award from Zone II. The award is pre- 
sented to a dairy senior for outstanding leader- 
ship abilities and achievements, and it consists 
of an all-expenses-paid trip to the Dairy In- 
dustries Exposition in Atlantie City, N.J., as 
a guest of the Milk Industry Foundation. 











Professor B. E. Goodale of the Clemson College 


Dairy Department presents the Milk Industry 
Foundation Agricultural Leadership Award to 
Dixon Lee. 


Twelve southern states comprise Zone IT, and 
Dixon LEE is the second student from Clemson 
College to win this award. 


Rutgers Dairy Science Club News 


The Rutgers Dairy Science Club of Rutgers 
Univ., New Brunswick, N.J., held its eighth 
annual Fitting and Showmanship contest at the 
college farm on November 14 with four-year 
undergraduates and short course students com- 
peting. There were four classes in the compe- 
tition — Brown Swiss Jersey heifers, 
mature Jersey cows, and young Jersey bulls. 
JOHN SULLIVAN, a four-year student, won top 
individual honors and the four-year team topped 
the short course student team in competition 
for the Bartlett trophy. Prizes were donated 
by the Brown Swiss and Holstein Breed Asso- 
ciations. 

A club exhibit, based on the theme “Typing 
and Herd Replacements,” was set up at the an- 
nual Barn Hop. The main feature of this event 
is a square dance sponsored by the Agriculture 
School. 


cows, 


Texas Tech Club Holds Homecoming 
Breakfast 


On November 3 at 7 a.m., the Dairy Industry 
Club at Texas Technological College held its 
22nd Annual Homecoming Breakfast. The stu- 
dents served breakfast to seventy alumni. The 
judging team was presented, and their medals 
and trophies were displayed. 





LETTER TO THE EDITOR 


THaNnkK You, Eprror Tracy AND Mrs. Tracy 


The Journal Management Committee on be- 
half of the American Dairy Science Associa- 
tion wishes to acknowledge the great progress 
that the Journal of Dairy Science has made 
under the editorship of Dr. Tracy and his asso- 
ciate, Mrs. Tracy, and to express our sincere 
appreciation to them for their very excellent 
work and guidance during the past four years. 

Editor Tracy obtained the services of a very 


competent editorial board from among the 
membership, and through their cooperative 


efforts our Journal ranks among the top sci- 
entific periodicals in the world in the editorial 
quality of its articles and in technical editing. 
Readability of the Journal has been increased 
by the addition of such sections as “People and 
Events in the Dairy Science World,” “Our In- 
dustry Today,” “Special Review Articles,” 
“Student Chapter News,” and brief abstracts 
at the beginning of each article. All of these 
improvements have made it possible to enlarge 
the membership in A.D.S.A. and to sell more ad- 
vertising. Every member benefits from this im- 
proved condition of the Journal, because his 
publications get wider circulation; also, the 
resultant increased sale of advertising absorbs 


the rising cost of printing, thus making it un- 
necessary to raise membership dues. 

Very few of us appreciate the tremendous 
amount of work involved in editing the Journal. 
Those who have had the responsibility of edit- 
ing have had to sacrifice their week ends, holi- 
days, and many evening hours. The financial 
reward has been so low that only those who 
are truly dedicated to the Journal and know its 
influence on the dairy industry have been willing 
to make this sacrifice. Oftentimes, we have 
been grossly negligent in expressing our appre- 
ciation for their generous contributions of time 
and talents. Editor and Mrs. Tracy have dedi- 
cated themselves to the Journal for the last 
four years and because of their foresight, 
energy, sound judgment, and vision, it has 
reached new heights of excellence and influence. 

There is no way that we can adequately ex- 
press our appreciation for the contributions that 
they have made to the Journal and thus to the 
Association, but we do want to take this oppor- 
tunity to say “Thank you, Editor Tracey and 
Mrs. Tracy, for a job well done.” 

G. M. WERNER 
D. H. JACOBSEN 
W. M. Roserts, Chairman 
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FROM THE SECRETARY’S DESK 


This is the time of year when your Member 
ship Committee and your Secretary are doing 
their utmost to maintain and increase member- 
ship in our Association. A number of sugges- 
tions have been made to the Committee and, 
of course, reports are furnished them by the 
Secretary from time to time. 

In addition to this, the Secretary does what 
he can by way of direct appeal. The names of 
representatives of companies visiting the Ex- 
position at Atlantie City, N.J., last fall were 
published each day. These lists were studied 
and letters were mailed to some 400 companies. 
While we have received no avalanche of mem- 
berships or subscriptions, the response has been 
sufficient to justify the effort, and we have 
picked up a considerable number of two-year 
subscriptions by offering a copy of the Golden 
Jubilee issue as a bonus. We have suggested 
that the Membership Committee also make full 
use of this special offer. 

As of this date, based on past experience, it 
would appear that we should reach the Mem- 
bership Committee's goal of 2,200 for 1957. It 
appears that about 500 people who were mem- 
bers in 1956 will not have renewed by Jan. 1, 
1957, but based on the 1955-56 experience this 
number will be eventually reduced to about 100. 
The membership should realize what this means 
in the way of clerical work for the Secretary 
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plant operations, marketing, 
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ur 1956 balance sheet. It knows your pas 
tells you that now is the time to plan for a 


cost contro 


as well as for The Garrard Press. To comply 
with our Constitution, the Secretary must send 
suspend cards to the printer for all who have 
not paid their dues by January 1. The printer 
inust remove their Journal address plates from 
his file. As fast as their dues are paid after 
Jan. 1, reinstatement cards must be sent to the 
printer and he must put the address back in his 
active file. So, fellow members, don’t be alarmed 
if your January issue is very late, if you are 
one who has not paid his 1957 dues by Jan. 
1, 1957. 


In September your Seeretary secured the 
names of juniors, seniors, and graduate students 
Inajoring in dairying from most of the state 
universities, and by way of special appeal, sent 
a letter about mid-December to nearly 400 
seniors and graduate students, pointing out the 
advantages of becoming an affiliate member. 

The response has been very satisfactory and 
new affiliate member applications are being 
received daily. This would seem to indicate 
that some dairy department staff members must 
work a little harder in explaining the advantages 
oft affiliate membership to their students. This 
is not said in the spirit of general criticism, 
but “if the shoe really fits, don’t hesitate to put 
it on.” — H. F. JupKins. 
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Progress in the basic chemistry and bacteriology of milk 
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Bacillus subtilis and Lactobacillus casei were inoculated individually 
and in combination with Streptococcus lactis into sterile cream which was 
incubated at different temperatures and analyzed for protein and fat de- 
composition, pH, growth and flavor changes. Fditor. 











Measurements of proteolysis by the tryptophan determination of Duggan (8) 
and water-insoluble acids (W.I.A.) by the Hillig (11) method have been used 
by regulatory agencies and the dairy industry in evaluating the quality of 
cream and butter. An investigation was performed to determine the amounts 
of tryptophan, W.I.A., and other deterioration values resulting from the growth 
of Bacillus subtilis, Lactobacillus casei, and combinations of these organisms 
with Streptococcus lactis. 

The proteolytic activity of S. lactis in milk has been reported by numerous 
authors who were cited previously (10). The proteolytic action of L. casei was 
investigated by Brandsaeter and Nelson (5), who found maximum proteolysis 
of casein by cell-free extracts at pH levels of 6.0 to 7.0. Measurable proteolysis 
was produced at pH 4.5, but the rate was much below that at pH 6.5. Peterson 
et al. (17) encountered instances in which lactobacilli and streptococei in milk 
utilized more amino and ammonia nitrogen than they produced. Members of 
both genera continued to cause proteolysis after sugar destruction had ceased. 

Several workers have reported on the proteolytic activity of bacilli isolated 
from milk. A number of spore-forming bacilli, including B. subtilis, studied by 
Lisk (12) produced progressive increases in ammonia nitrogen in sterile milk, 
with decomposition of milk protein proceeding beyond amino acids to form indol. 
Parfitt and Spitzer (16) found that a number of spore-forming bacilli produced 
the greatest protein hydrolysis in milk when the pH was near neutral. Berger 
et al. (4) studied the proteolytic activity of a number of organisms, including 
B. subtilis and reported that the optimum pH for the peptidase of B. subtilis 
was 8.0 to 9.0. 

Baribo and Foster (2, 3) reported that each of nine strains of S. lactis 
studied produced a substance inhibitory to L. casei. At pH 5.4 to 4.8 the activity 
of the substance and its stability to heat increased. Most of the inhibitor was 
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formed during the first 24 hours, but there was a continuous increase for 60 hours. 

Marshall (7°) and Cox and Whitehead (7) reported that when B. subtilis 
was added to a milk culture of S. /actis the lactic fermentation was stimulated. 
The stimulation was more evident at low incubation temperatures. 


EXPERIMENTAL PROCEDURE 

Proteolysis, lipolysis, organism populations, pH, and organoleptic grade re- 
sulting from the growth of L. casei and B. subtilis, individually and in com- 
bination with S. lactis, were determined in sterile cream incubated at various 
temperatures. Cream samples were prepared, inoculated, incubated, and an- 
alyzed according to procedures outlined previously (10). 

L. casei counts were made on the medium developed by Rogosa et al. (18). 
Preliminary trials with three strains of S. Jactis and three strains of L. casei 
demonstrated that this medium supported growth of ZL. casei and inhibited 
growth of S. lactis. Incubation was at 32° C. for 72 hours. When SN. lactis and 
L. casei were grown as a mixed culture, S. lactis colonies were easily distin- 
guished from L. casei after 48 howrs at 32° C. on tryptone glucose beef extract 
milk (T.G.E.M.) agar (1). 

B. subtilis populations were enumerated on a low-carbohydrate medium con- 
taining 0.3% beef extract, 0.56% peptone, and 1.5% agar. NS. lactis colonies were 
inhibited on this medium. When SW. lactis and B. subtilis were grown as mixed 
cultures on T.G.E.M. agar incubated at 32° C. for 48 hours, S. lactis colonies 
completely dominated the growth on the plates and were easily distinguished 
from B. subtilis. 

Data are presented in graphs with the values for each of the various quality 
factors indicated in the legend accompanying each figure. Organoleptie grades 
were determined by the authors in accord with United States Department of 
Agriculture standards (75) and are indicated by the letters on the ordinates 
of the graphs. Depiction of tryptophan values required off-chart extension at 
all three temperatures in Figure 3 and at 10° and 20° C. in Figure 4. 


RESULTS 


The changes which occurred in organoleptic grade, organism population, pH, 
W.LA., and tryptophan as a result of inoculating sterile cream with L. casei 
and incubating at various temperatures are shown in Figure 1. Within the range 
studied, the L. casei population increased more rapidly as the temperature in- 
creased. Near-maximum populations continued throughout the incubation period, 
except in the 10° C. sample which exhibited a marked decrease after the seventh 
day. The development of a high acid flavor caused organoleptic quality to de- 
cline in response to increase in cell population and decrease in pH. The W.I.A. 
fluetuations at each of the three temperatures were beyond the range of experi- 
mental error and suggest a slight degree of fat hydrolysis and subsequent fatty 
acid destruction. 

The irregular tryptophan curves followed the same pattern at all three tem- 


peratures, which seems unusual when the differences in organism populations 
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eream containing L. casei or S. lactis and L. casei as indicated. 


Organoleptic grade, organism population, pH, W. I. A., and tryptophan values in 


are considered. The tryptophan values of sterilized uninoculated controls re- 
mained within the range of experimental error throughout the incubation period. 

The changes that occurred in organoleptic grade, organism populations, pH, 
W.I.A., and tryptophan when sterile cream inoculated with S. lactis and L. casei 
was incubated at various temperatures are shown in Figures 1 and 2. At each 
of the three temperatures the population curve of L. casei grown with S. lactis 
was similar to that obtained when L. casei was grown alone, including a decline 
in count after the seventh day in the sample held at 10° C. Apparently the 
presence of S. lactis had no infinence on L. casei population. A comparison of 
Figures 1 and 2 with Figure 5 indicates that the presence of L. casei was 
slightly inhibitory to the rate of increase and maximum population attained 
by S. lactis. Especially significant is the rapid decrease in S. lactis population 
in the 30° C, 
per milliliter. 

At 10° C. there was only a slight decline in pH. At 20° C. the pH reduc- 
tion was greater than that accomplished by either organism individually and 
at 30° C. the pH values correspond to those produced by L. casei alone. 

When the two organisms were combined, the slight decrease in W.I.A., 
which was observed consistently by Harmon and Nelson (10) when S. lactis was 
present, occurred on the first day at 20° and 30° C. but was deferred until the 


sample, with the 10-day count showing a population of only 20 
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Fig. 2. Organoleptic grade, organism population, pH, W. I. A., and tryptophan values 
in cream containing S. lactis and L. casei. 


fifth day in the 10°C. sample. At all three temperatures, maximum W.I.A. 
values occurred on the seventh day but were insufficient to materially influence 
quality. Decreases: between the seventh and tenth days oceurred at all tem- 
peratures. 

At 10° C. the combined organisms caused a fluctuation in tryptophan which 
was similar to the tryptophan values produced by L. casei alone, except that 
the 7-day value was much lower. At 20° and 30° C. the two organisms together 
produced extremely high tryptophan values with a saw-tooth curve prevailing 
after the third day. After the first day, the fact that subsequent tryptophan 
values were all lower at 30° than at 20° C., even though the same pattern pre- 
vailed, may have been due to partial inhibition of the protease by more rapid 
decrease in pH at 30° C. 

Good quality as judged organoleptically was retained throughout the ineu- 
bation period at 10° C. Rapid quality decline at 20° and 30° C. seemed to be 
in response to decline in pH and increase in organism population, with high 
acidity being the principal criticism. 
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Fic. 3. Organoleptic grade, organism population, pH, W. I. A., and tryptophan values in 
eream containing B. subtilis. 


The changes that occurred in organoleptic grade, organism population, pH, 
W.I.A., and tryptophan in cream inoculated with B. subtilis and incubated at 
various temperatures are shown in Figure 3. The rate of organism population 
increase and maximum total count attained was greater as the temperature 
increased within the range studied. At 10° and 20° C. the B. subtilis population 
increased throughout the holding interval, but at 30° C. there was a slight 
decline after the third day. 

There was no significant change in pH at any temperature during the incu- 
bation period. A noticeable increase in W.I.A. occurred after the fifth and 
seventh days at 30° and 20° C., respectively, but the increase was not sufficient 
to produce a recognizably rancid flavor. 

The rapid increase in tryptophan and the high maximum values attained 
indicate the extremely high degree of proteolysis caused by B. subtilis. The 
amount of proteolysis increased as the temperature and organism population 
increased, with the rate of increase and maximum population attained being 
much greater at 30° C. In the sample held at 20° C. the increase in tryptophan 
was continuous throughout the incubation period, whereas at 10° and 30° C. 
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Fie. 4. Organoleptic grade, organism population, pH, W. I. A., and tryptophan values 
in cream containing S. lactis and B. subtilis. 


maximum tryptophan values were reached at 5 and 3 days, respectively, and 
were followed by substantial decreases. There was no significant fluctuation 
in the tryptophan content of an uninoculated control sample. Intensity of the 
bitter flavor causing deterioration in organoleptic quality seemed to be associ- 
ated with increase in organism population and proteolysis. 

The changes that occurred in organoleptic grade, organism population, pH, 
W.LA., and tryptophan when sterile cream was inoculated with both B. subtilis 
and S. lactis are shown in Figure 4. When the two organisms were combined, 
the population curve for S. lactis was normal at all temperatures, except that 
the rate of decline after attaining maximum population was less than that 
sometimes encountered. The presence of S. lactis appeared to become inhibitory 
to B. subtilis at about the time the maximum SN. lactis population oceurred. Also, 
the maximum rate of decrease in B. subtilis lagged behind the greatest decline 
in pH. Extreme decline in B. subtilis population occurred after the first, third, 
and fifth days at 30°, 20°, and 10° C., respectively. At all temperatures the 
population decreases were followed by increases that probably were due to the 
erowth of surviving resistant cells of B. subtilis. 
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Fig. 5. Organoleptie grade, organism population, pH, W. I. A., and tryptophan values in 
eream containing S. lactis. 


Only slight fluctuations occurred in W.I.A. values and these were of no 
consequence from the organoleptic standpoint. The changes in pH appeared to 
be in response to S. lactis development. 

At 10° C. the tryptophan produced by the two organisms was greater than 
the sum of their individual tryptophan production. At 20° C. the rate of in- 
crease was more rapid, but the maximum values attained were slightly less 
with both organisms present, than with B. subtilis alone. At 30° C. the presence 
of S. lactis, which reduced the pH to 4.62 and 4.31 on the first and third days, 
respectively, materially inhibited the proteolytic ability of B. subtilis. Acid and 
bitter flavors appeared in samples incubated at all three temperatures, with 
bitterness prevailing at 10° C. and sourness dominating at 30°C. The 20° C. 
sample was both sour and bitter. In cream containing both organisms, organo- 
leptic quality deterioration was more rapid at 20° than at 30° C., probably 
owing to the higher pH and greater proteolysis at 20° C. ‘ 


DISCUSSION 


The increases that ocurred in tryptophan when B. subtilis and L. casei were 
grown individually and in combination with S. lactis in sterile cream were 
probably due to protein hydrolysis by proteases elaborated by the organisms. 
It is improbable that any tryptophan was liberated by acid hydrolysis of 
protein. Hammer and Patil (9) and van der Zant (19) have reported that 1% 
lactic acid added to milk did not cause any increase in free tyrosine or 
tryptophan. 
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The frequent decreases in tryptophan, encountered when L. casei was present, 
are difficult to explain. Decomposition of tryptophan at low pH resulting from 
the activity of L. casei and S. lactis represents a possible cause of reduction 
which was not investigated. However, there was no variation in tryptophan 
content when determinations were performed on the extract adjusted to pH 
intervals of 0.2 between pH 5.0 and 6.0. The possibility also exists that alter- 
nate synthesis and hydrolysis of the milk protein may have occurred, as re- 
ported by Braz and Allen (6). Decreases would result if some of the tryptophan 
in peptide form and in position to react with the color reagent used in measur- 
ing tryptophan were recombined into larger aggregates. 

There are two possible explanations for the uniformity of the tryptophan 
curves at 10°, 20°, and 30° C., despite the extreme differences in the L. casei 
populations indicated in Figure 1. The optimum temperature for the elabora- 
tion of protease by L. casei may have been lower than the optimum temperature 
for cell production, as in the study of Pseudomonas fragi reported by Nashif 
and Nelson (174). Also, the lower pH values resulting from greater acid forma- 
tion by L. casei at the higher temperatures probably reduced the activity of 
the protease. However, the proteases elaborated from the combination of S. lactis 
and L. casei displayed considerable acid tolerance. Increases in tryptophan con- 
tinued, but at a decreased rate, after the reaction declined below pH 4.5. 

When NS. /actis and L. casei were combined, the rapid decrease in ‘SN. lactis 
population after the third day in the 30° C. sample probably was caused by the 
low pH, which was lower than that which occurred when either organism was 
grown alone. At 20° and 30° C. the combination of organisms gave tryptophan 
values that were greater than the sum of the quantities produced by the organ- 
isms individually, suggesting synergism. Except for greater acid production, 
the combination of S. lactis with L. casei did not influence the rate of organo- 
leptic deterioration. 

The inhibitory effect of S. lactis on L. casei populations reported by Baribo 
and Foster (2, 3) was not observed with the combination of organisms used in 
this work. 

Wituin the range studied, both the population of B. subtilis and the aetivity 
of the protease elaborated therefrom increased as the temperature inereased. 
When SN. lactis and B. subtilis were combined, a decline in rate of proteolysis 
and B. subtilis population occurred after the pH decreased to about 5.5. 
Proteolysis ceased when the pH reached 4.50 to 4.55. The B. subtilis count 
ultimately declined to less than 500 per milliliter at all incubation temperatures, 
with the rate of decrease being related to pH decline. 

[t is noteworthy that increases in tryptophan continued after the population 
of both organisms began to decline. There are several possible explanations. 
Even in a declining population new cells may continue to be produced and 


liberate protease. Protease may have been liberated from dead cells and also 
the autolysis of dead cells may have contributed directly to the tryptophan 
content. Marshall (13) and Cox and Whitehead (7) reported that B. subtilis 
in small numbers stimulated the population and acid production of S. lactis. 
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No stimulating influence was evident in this work, in which the initial inocula- 
tion averaged about 250,000 S. lactis and 500 B. subtilis organisms per milliliter. 
The addition of S. lactis to B. subtilis increased the rate of proteolysis and 
organoleptic deterioration at 10° and 20° C., whereas at 30° C. the proteolysis 
was retarded and rate of organoleptic deterioration was not materially influenced. 

Bitter flavors suggestive of proteolysis were uniformly present in cream 
containing 18 to 25 or more p.p.m. of tryptophan. Combining S. lactis with 
B. subtilis and with L. casei did alter the tryptophan level at which bitter or 
putrid flavors were apparent. 

Among the entire group of inoculated samples held at various temperatures, 
B. subtilis in pure culture at 20° C. was the only one in which a tryptophan 
value in excess of 10 p.p.m. was associated with a sample of cream scoring 
above 90 or grade B. 


SUMMARY 


1. When sterile cream was inoculated with Lactobacillus casei and ineubated 
at 10°, 20°, and 30° C., the maximum tryptophan was 9.4 p.p.m. and occurred 
in the 30° C. sample after 7 days incubation. 

2. When Streptococcus lactis and L. casei were inoculated into sterile cream, 
S. lactis had no influence on L. casei population. L. casei slightly inhibited the 
maximum WN. lactis population attained, and after 10 days at 30° C. the S. lactis 
count decreased to 20 per milliliter. The maximum tryptophan produced by the 
combination of S. lactis and L. casei was 29.6 p.p.m. and occurred in the 20° C. 
sample after 7 days incubation. 

3. When Bacillus subtilis was inoculated into sterile cream, the organism 
population and amount of proteolysis increased as the temperature increased, 
with a maximum tryptophan value of 46 p.p.m. oeeurring in the 30° C. sample 
after incubation for 3 days. 

4. When S. lactis and B. subtilis were inoculated into sterile cream, substan- 
tial proteolysis occurred at all temperatures. The B. subtilis population declined 
rapidly after the maximum S. lactis population was attained. 

5. Bitter flavors suggestive of proteolysis were uniformly present in cream 
containing 18 to 25 or more p.p.m. of tryptophan. Tryptophan values of 10 
p.p.m. or more were usually associated with cream scoring 90 (grade B) or 
lower, but all cream of this quality did not possess high tryptophan values. 

6. None of the organisms or combinations used in this work produced W.I.A. 
values high enough to be significant from the quality standpoint. 
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Candida pseudotropicalis, and Aerobacter aerogenes were inoculated in- 
dividually and in combination with Streptococcus lactis into sterile cream 
which was incubated at different temperatures and analyzed for protein 
and fat decomposition, pH, growth and flavor changes. [ditor. 











Regulatory agencies and the dairy industry have been interested in deter- 
mining the amounts of proteolysis, lipolysis and various other deterioration 
values in cream and butter. These may result from the growth of common con- 
taminating organisms. Previous reports by Harmon and Nelson (7, 8) have 
dealt with changes in water-insoluble acids (W.I.A.) and tryptophan values 
produced when certain common lipolytic or proteolytic organisms were inocu- 
lated into sterile cream. 

In the work reported herein we determined the effect of representative gas- 
producing organisms on W.1.A. and tryptophan values in cream. Samples of 
sterile cream inoculated with.Candida pseudotropicalis (Torula cremoris) and 
Aerobacter aerogenes, individually and in combination with Streptococcus lactis, 
deteriorated rapidly as determined organoleptically, but deterioration measured 
by chemical methods was less apparent. 

Very little work has been reported in measuring the proteolytic and lipolytic 
ability of coliform bacteria and yeasts. Berger et al. (2) found moderate pep- 
tidase activity by cell-free extracts obtained from freezing and thawing cultures 
of Escherichia coli, with the maximum peptide hydrolysis occurring at pH 8.0 
to 9.0. The inhibitory effect of rancid milk on certain bacteria was studied by 
Costilow and Speck (4). Milk that had undergone lipolysis to the extent that 
the surface tension was reduced about 10 dynes per centimeter was found to 
have a slightly inhibitory effect on FL. coli. Cox and Whitehead (5) grew EF. coli 
in association with lactic streptococci and found that the acidity produced’ was 
variable, with #. coli causing an increase in acid production in some experi- 
ments and a decrease in others. Collins and Nelson (3) found that when EF. coli 
and A. aerogenes were grown alone in milk at 30° C. they caused a deficit in 
soluble nitrogen during the first few days, which was later overcome, and 
marked inereases in soluble nitrogen occurred between 7 and 15 days. Mixed 
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cultures of S. lactis and coliform organisms caused gradual increases in soluble 
nitrogen, but the values at 15 days never were as high as those for the coliform 
organisms alone and were about the same magnitude as those for S. lactis. 


EXPERIMENTAL PROCEDURE 

Proteolysis, lipolysis, organism population, pH, and organoleptic grade re- 
sulting from the growth of C. pseudotropicalis and A. aerogenes, individually 
and in combination with S. lactis, were determined in sterile cream incubated 
at various temperatures. Cream samples were prepared, inoculated, incubated, 
sampled, and analyzed according to procedures outlined previously by Harmon 
and Nelson (7). Organoleptic grades were determined by the authors in accord 
with United States Department of Agriculture standards (10). The letters on 
the right ordinate of the graphs represent the appropriate U.S.D.A. grades. 

Lipolysis was measured by the Hillig (9) method for determining W.1I.A., 
and proteolysis was measured by the Duggan (6) method for determining free 
tryptophan. Plate counts for organisms were performed by Standard Methods 
(1) procedures. When S. lactis and A. aerogenes were grown as mixed cultures, 
it was not always possible to differentiate between the colonies; therefore, SN. 
lactis populations were determined by subtracting the coliform counts obtained 
on desoxycholate agar from the total populations appearing on tryptone glucose 
extract milk (T.G.E.M.) agar. On T.G.E.M. agar plates incubated at 32° C. for 
48 hours there was sufficient difference in colony appearance to distinguish 
S. lactis from C. pseudotropicalis. 


4 C. pseudotropicalis 
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Fig. 1. W. I. A., tryptophan, pH, organoleptic grade, and organism population of cream 
containing C. pseudotropicalis. 
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RESULTS 


The changes which occurred in W.I.A., tryptophan, pH, organoleptic grade, 
and organism population when sterile cream was inoculated with C. pseudo- 
tropicalis and incubated at 10°, 20°, and 30° C. are shown in Figure 1. At 
10° C. the organism population increased slowly, attained maximum on the 
fifth day, and then became stationary. At 20° and 30° C. the population in- 
creased more rapidly, reached maximum on the third day, and gradually de- 
clined ; however, at 30° C. there was a secondary increase after the seventh day. 
At all temperatures the W.I.A. values showed a general tendency to increase, 
although there was a uniform slight decline on the third day. The tryptophan 
values decreased uniformly on the first day at all temperatures and then gradu- 
ally increased throughout the remainder of the incubation period. The organo- 
leptic deterioration was so rapid that no W.I.A. or tryptophan fluctuations of 
consequence occurred during the commercial life. Fluctuations in pH were 
attributed to differences in the retention of gas formed during fermentation. 

Figure 2 illustrates the changes that occurred in W.I.A., tryptophan. pH, 
organoleptic grade, and organism population when sterile cream was inoculated 
with both C. pseudotropicalis and S. lactis and incubated at various tempera- 
tures. A comparison of Figures 1 and 2 indicates that the presence of S. lactis 
diminished the maximum population attained by C. pseudotropicalis, with the 


reduction being greater at 20° C. than at 10° and 30° C. When S. lactis was 
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Fig. 2. W. I. A., tryptophan, pH, organoleptic grade, and organism population of cream 
containing C. pseudotropicalis and S. lactis. 
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present, a lag in the growth rate of C. pseudotropicalis occurred at all tempera- 
tures. The pH did not drop as low as normal for a culture containing S. lactis, 
suggesting that C. pseudotropicalis may have either interfered with the acid- 
producing ability of S. lactis or utilized some of the acid. A comparison of the 
W.1.A. curves in Figures 1 and 2 and Figure 5 of the preceding article (8) 
shows that the tendeney of C. pseudotropicalis to cause a slight early increase 
in W.I.A. is more dominant than the ability of S. lactis to cause a decrease 
during the corresponding period. The early slight decrease in tryptophan caused 
by C. pseudotropicalis also occurred when the yeast was grown in association 
with S. lactis. W.1.A. and tryptophan values did not reach significant levels at 
any of the three temperatures during the commercial life of the cream. At 20° 
and 30° C., addition of SN. /actis did not alter the rate of organoleptically deter- 
mined deterioration caused by C. pseudotropicalis. ‘However, at 10° C., 8. lactis 
exhibited a protective effect on the quality of the cream, and the population 
attained by C. pseudotropicalis in the presence of S. lactis was lower than when 
C. pseudotropicalis was grown alone. At 10° C. the cream containing only C. 
pseudotropicalis had a much more intense yeast flavor and was more foamy 
than the cream containing both C. pseudotropicalis and S. lactis; the rate of 
organoleptic deterioration of the former was much more rapid. 

The changes that occurred in W.I.A., tryptophan, pH, organoleptic grade, 
and organism population when sterile cream was inoculated with A. aerogenes 
and incubated at various temperatures are shown in Figure 3. At 10° C. the 
organism population decreased throughout the incubation period and no signifi- 














10° C. AA & A aerogenes (\og of count/mi. ) 
9} & pH 
r-) 9 G W.I.A. (each scale unit equais 
i 100mg./ 100 g. fat) 
6 @ Tryptophan ( each scale unit 
a equals | pam.) 
4} © Orgonoieptic grade 
3 
2r G 
' 
Ol2s4567T8 90 

DAYS 
* 20° C. pe. 8 30° ©. r 
9 9 
BF A 8) 4A 
7+ 7 
6 8 6 348 
§ 5 
4b Cc 4 qc 
3+ 3 
2r 6G 2 4cG 
\ 1 




















Ole23 4567890" O1234567890" 
DAYS DAYS 
Fig. 3. W. I. A., tryptophan, pH, organoleptic grade, and organism population of cream 
containing A. aerogenes. 
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cant change occurred in pil. At 20° and 30° C. the counts increased and the 
pH decreased, with more rapid deterioration occurring at 30° C. In the 30° C. 
sample, gas production was so great that the cream ‘‘foamed over’’ after about 
40 hours. Very slight gradual increases occurred in W.L.A. at all temperatures. 
However, at 30° C. the commercial life of the sample was too short to determine 
a trend. At all temperatures the tryptophan values maintained a uniform trend 
of an early increase followed by a decrease, although the increase at 20° C. was 
only slight. The decline in quality measured organoleptically seemed to be 
more closely related to organism population than to any other factor considered. 
From the standpoint of physical effect on the cream and intensity of off-flavor 
produced at 20° and 30° C., A. aerogenes was an extremely objectionable organ- 
ism because of the foamy body and unclean flavor. The degree of intensity of 
off-flavor was not associated with W.LA. or tryptophan values. 

Figure 4 illustrates the changes which occurred in W.LA., tryptophan, pH, 
organoleptic grade, and organism population when sterile cream was inoculated 
with both A. aerogenes and S. lactis and incubated at 10°, 20°, and 30° C. At 
10° C. the count on the coliform organism decreased from an initial 74,000 to 38 
per gram on the tenth day. Despite the rapid decline in population, A. aerogenes 
exhibited a definite inhibitory effect on S. lactis, evidenced by the fact that the 
rate of increase in S. /actis population was much slower than normal. At 10° C. 
there was no apparent change in pH, a further indication that S. lactis was in- 
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Fig. 4. W. I. A., tryptophan, pH, organoleptic grade, and organism population of cream 
containing A. aerogenes and 8S. lactis. 
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hibited. At 20° C. the S. lactis increase was normal and a comparison of Fig- 
ures 3 and 4 indicates that S. lactis inhibited the coliform population to some 
extent. The sample held at 30° C. ‘‘foamed over’’ after about 40 hours of 
incubation. A portion was salvaged, refrigerated, and analyzed on the third 
day. The drop in A. aerogenes population in this sample was probably due to 
antagonism from S. lactis, since the corresponding sample containing only A. 
aerogenes endured the same handling and showed an increase in population on 
the third day. No change of any consequence occurred in the W.1.A. values at 
either of the three temperatures, although at 30° C. there was an early decrease, 
probably attributable to S. lactis. Combination of the two organisms produced 
marked increases in tryptophan at 20° and 30° C., with the 20° C. sample 
reaching an extremely high value of 32 p.p.m. on the third day. The tryptophan 
values were much greater than either organism was able to produce singly, and 
in the 20° C. sample the value was twice as much as the cumulative effect of the 
two organisms functioning independently. Organoleptically detectable deteri- 
oration was severe at the two higher temperatures, with a sour, unclean flavor 
and gassy body becoming evident early in the incubation period. At 10° C. the 
keeping quality was fairly good, with A. aerogenes seeming to survive long 
enough to interfere with normal acid development by NS. lactis. 


DISCUSSION 


Neither C. pseudotropicalis nor A. aerogenes inoculated into sterile cream, 
individually and in combination with S. lactis, and incubated at 10°, 20°, and 
30° C. caused lipolysis exceeding 400 mg. of W.I.A. per 100 g. of fat during 
the commercial life of the cream. Increases and fluctuations which occurred in 
W.I.A. values were moderate, with slight increases being attributed to fat 
hydrolysis by the organism and decreases being attributed to destruction or 
utilization of long chain fatty acids. 

Maximum standards for free tryptophan have not been established. How- 
ever, Harmon and Nelson (8) reported that bitter flavors, suggestive of prote- 
olysis, usually were present in cream containing 18 to 25 p.p.m. of free tryp- 
tophan and cream or butter containing 10 p.p.m. usually graded B or lower. 
C. pseudotropicalis, individually and in combination with S. lactis, did not cause 
any increase in tryptophan at any of the incubation temperatures during the 
commercial life of the cream. Considerable fluctuation occurred in the tryp- 
tophan content of cream inoculated with A. aerogenes. These fluctuations may 
be due to autolysis of cells or to a lack of balance between tryptophan libera- 
tion by the protease and utilization by the organism. When S. lactis and A. 
aerogenes were combined at 10° C., this temperature was probably too low to 
permit the development of sufficient population to produce proteolysis. The 
extremely high tryptophan values which occurred at 20° C. seemed to result 
from synergistic action of the two organisms, since the quantity greatly ex- 
eeeded the combined tryptophan production of the two organisms when grown 
individually |Figure 3 and Figure 5 of the preceding paper (8)|. The inter- 
ruption in protease activity in the 30° C. sample, after the first day, was prob- 
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ably due to the rapid decline in pH. At 20° C. the rate of decline in pH was 
slower and vigorous protease activity continued until the third day before lev- 
eling off or decreasing. No increases in tryptophan oceurred after the pH 
dropped to 5.2. Also, the maximum tryptophan values were coincident with 
the attainment of maximum organism population and stabilized or slightly 
decreased as the organism population leveled off or declined. 

When WN. lactis was combined with C. pseudotropicalis in sterile cream, some 
inhibition of the cell population of C. pseudotropicalis was apparent at all tem- 
peratures, and at 10° C. the commercial life of the cream was longer than that 
of a companion sample containing only C. pseudotropicalis. Although the yeasts 
are considered to be acid tolerant, the most logical reason for reduction of 
C. pseudotropicalis population seemed to be the low pH caused by S. lactis 
action. This assumption is supported by the fact that plate counts of C. pseudo- 
tropicalis were substantially lower on acidulated potato dextrose agar than on 
T.G.E.M. agar. S. lactis provided a competitive factor in addition to low pH, 
since the (. pseudotropicalis population was lower in the 10° C. sample in 
which there was very little decline in pH. 

The presence of C. pseudotropicalis seemed to alter the normal fermentation 
of S. lactis |Figure 2 and Figure 5 of the preceding paper (8)]|, in that the 
acid producing ability was diminished and there was no noticeable inclination 
for S. lactis to utilize W.1.A. or produce free tryptophan. 

Low temperature seemed to be the only factor responsible for the abrupt 
decrease in A. aerogenes population at 10° C.; however, many coliform bacteria 
are capable of increasing at this temperature. Combination of S. lactis with 
A. aerogenes did not minimize the rapid rate of organoleptically measurable 
deterioration, but the acid produced by NS. lactis caused an abrupt decline in 
A. aerogenes population after the pH dropped to about 5.2. 


SUMMARY 


1. Candida pseudotropicalis and Aerobacter aerogenes, individually and in 
combination with Streptococcus lactis, were inoculated into sterile cream and 
incubated at 10°, 20°, and 30° C. for 10 days or until the cream was no longer 
of acceptable commercial quality, whichever occurred first. 

2. Neither of the organisms, individually or in combination with NS. lactis, 
produced as much as 400 mg. of W.I.A. per 100 g. of fat. ; 

3. C. pseudotropicalis, alone or in combination with S. lactis, and A. aero- 
genes alone caused negligible increases in free tryptophan. The combination of 
A. aerogencs and S. lactis produced 32 p.p.m. of free tryptophan in 3 days at 
20° C. and 15 p.p.m. in 1 day at 30° C. 

4. At 20° C. the combination of S. lactis with C. pseudotropicalis diminished 
the rate of increase and maximum C. pseudotropicalis population attained. The 
presence of A. aerogenes caused a reduction in the rate of increase and maximum 
population attained by SN. lactis. 

5. At 20° and 30° C., addition of S. lactis did not alter the rate of organolep- 
tically determined deterioration caused by C. pseudotropicalis, but at 10° C. the 
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presence of NS. lactis extended the commercial life of cream containing C. pseudo- 
tropicalis. Deterioration in organoleptic quality appeared to be more closely 
related to inereases in organism populations than to chemical factors studied. 


REFERENCES 


1) AMERICAN PuBLIC HEALTH AssoclaTION. Standard Methods for the Exvémination of 
Dairy Products. 9th ed. New York City. 1948. 

2) Bercer, J., Jounson, M. J., AND Pererson, M. H. The Proteolytic Enzymes of Bacteria. 
II. The Peptidases of Some Common Bacteria. J. Bacteriol., 23: 521. 1938. 


3) Cotuins, E. B., AnD NEtson, F. E. The Effect of Streptococcus lactis and Colitorm 
Organisms on the Soluble Nitrogen of Milk. J. Dairy Sei., 32: 652. 1949. 

4) Costrtow, R. N., AND Speck, M. L. Inhibitory Effect of Rancid Milk on Certain Bacteria. 
J. Dairy Sci., 34: 1119. 1951. 

5) Cox, G. A., and WuitpHeEap, H. R. The Influence of Other Bacteria on the Production 
of Acid by Laetie Streptoeocei in Milk. J. Dairy Research, 2: 164. 1931. 

(6) Duaean, R. E. The Determination of Free Tryptophan in Milk, Cream and Butter. J. 
Assoc. Offic. Agr. Chemists, 31: 151. 1948. 

(7) Harmon, L. G., AND Nevson, F. E. Interrelationships of Microorganisms in Cream. L. 


Streptococccus lactis, Pseudomonas fragi, and Geotrichum candidum. J. Dairy Sei., 
38: 1189. 1955. 

8) Harmon, L. G., anp Neuson, F. E. Interrelationships of Microorganisms in Cream. II. 
Lactobacillus casei, Bacillus subtilis, and Streptococcus lactis. J. Dairy Sei., 40: 1. 
1957. 

9) Hitiic, Frep. Determination of Water-Insoluble Acids in Cream and Butter. J. Assoc. 
Offic. Agr. Chemists, 30: 575. 1947. 

10) National Archives of the United States, Federal Register. 16. 2: 860. United States 
Government. Washington, D. C. 1951. 





4 
‘ 
a 
3 
3 








THE REACTIVATION OF PHOSPHATASE IN H.T.S.T. 
PASTEURIZED DAIRY PRODUCTS 


HARVEY FRAM 
Research Laboratories Division, National Dairy Produets Corp., Oakdale, L.1., N.Y. 





The phosphatase test has been accepted as infallible for determining if 
milk products have been properly pasteurized. Recently, however, in this 
country and abroad, it has been shown that milk and cream may be heated 
to the proper H.T.S.T. pasteurization and even to sterilization temperatures 
and reveal positive phosphatase tests after as little as 2 hours storage at 
75° to 80° F. This reactivation of the enzyme, phosphatase, does not occur 
when fluid milk products are stored at 40° F. or lower. Editor. 











The phosphatase test has long been accepted as a means of determining 
whether or not a sample of milk or cream has received proper and safe pas- 
teurization treatment. Recently, a positive phosphatase test was found in 20% 
cream pasteurized by the short time method. The heat treatment used for this 
product was in excess of accepted safe pasteurization standards (172° F. for 
20 seconds), yet the positive tests, according to public health officials, would 
indicate under-pasteurization. 

An investigation of the problem indicated that the cream immediately after 
heat treatment had a negative phosphatase reaction, but when allowed to stand 
at room temperature (75° to 80° F.) for as little as 2 hours, a positive phos- 
phatase test was obtained. No change in phosphatase reaction was obtained 
when the cream was properly refrigerated and, more significantly, the reap- 
pearance of the phosphatase did not occur in long time pasteurized cream. 
Bacteriological examination of the H.T.S.T. pasteurized cream, when the posi- 
tive phosphatase was found, indicated little or no significant change in bae- 
terial numbers during the 2-hour storage period, making it unlikely that the 
phosphatase which developed during this time was of bacterial origin. It ap- 
peared that true enzyme reactivation was involved. Although this phenomenon 
has been frequently reported (2, 7, 8, 12), it is believed that this is the first 
evidence that reactivation of the phosphatase has occurred in a commercially 
pasteurized product. 

This study was undertaken to confirm these findings in the laboratory and 
to determine more specifically the conditions under which the reactivation of 
the phosphatase oecurred in H.T.S.T. pasteurized cream and other dairy prod- 
ucts. This information, it is hoped, will help clarify the role of the phosphatase 
test for quality control, especially as it applies to H.T.S.T. pasteurized dairy 
products. 


Received for publication May 31, 1956. 
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EXPERIMENTAL PROCEDURES 


Skimmilk, whole milk, cream containing 20% and 38% fat were used in 
this study. The products were pasteurized in a 50-gal. per hour H.T.S.T. tubular 
heater, with a 16-second holding tube, at 165° to 240° F. Owing to difficulties 
in heating the heavy cream, this product was heated only at 165° and 185° F. 
In addition, each product was laboratory pasteurized at 145° to 150° F. for 30 
minutes. In an attempt to determine the holding time at a given temperature 
which would prevent subsequent reactivation, some heavy cream samples were 
also heated at 165°, 180°, and 195° F. for holding times ranging from 20 seconds 
to 8 minutes. These treatments were conducted in a water bath, with 2 ml. of 
cream in a thin-walled vial for each time/temperature treatment, and with con- 
stant manual agitation throughout the heating period. A thermocouple inserted 
in the vial was used to determine when each sample had reached the desired 
pasteurizing temperature and, after the specified holding time, each vial was 
rapidly cooled by immersing in an ice water bath. 

Each sample, except those processed in the vials, was examined for phos- 
phatase and standard plate count immediately after pasteurization and again 
after various time intervals at 88° F. storage. Control samples of each product 
were held at 40° F. and examined for phosphatase, along with the test samples 
stored at the elevated temperature. The vial samples were examined for phos- 
phatase immediately after heating and again after 2 hours at 88° F. storage. 
The Scharer Rapid Phosphatase Test, as supplied by Applied Research Institute, 
was used for all phosphatase determinations. The development of any blue color 
with this method was considered as a positive test for phosphatase. Although 
this method is not a quantitative one, it is widely used and, with suitable con- 
trols, has been found to be reliably sensitive (3). Boiled controls of each product 
being tested and raw controls made up with 0.1% raw product were run with 
each determination. The bacteria counts were made according to procedures 
deseribed in the 10th Edition of Standard Methods for the Examination of 
Dairy Products. 

In order to differentiate between phosphatase of bacterial origin and true 
milk phosphatase, all samples that showed reactivated phosphatase were repas- 
teurized at 145° F. for 30 minutes and immediately reexamined for phosphatase. 
A negative test after this additional heat treatment would indicate reactivated 
milk phosphatase, since all known bacterial phosphatase has been reported to 
resist 145° F. for 30 minutes (7, 12) 

In addition to these laboratory studies, further observations were made on 
commercially short-time pasteurized 20% cream. A sample of cream from each 
day’s production (over a period of 15 days) was examined for phosphatase and 
standard plate count immediately after heat treatment, and again after holding 
the cream for 2 hours at 86° F., and after 48 to 96 hours at 40° F. 


RESULTS 


Tables 1 to 4 summarize the phosphatase and standard plate count data 
obtained for each product. In each case, the phosphatase reaction immediately 
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after pasteurization (both long- and short-time heated) was negative. When the 
samples were stored at 88° F., however, only short-time pasteurized products 
showed positive phosphatase tests. The minimum temperature above which 
reactivation of the enzyme took place and the length of time at 88° F. required 
for the development of the positive tests appeared to be directly related to the 
fat content of the product. In addition, it appeared that more enzyme reactiva- 
tion was noted in each product as the pasteurization temperature was increased. 
Skimmilk (Table 1) showed reactivated phosphatase only when heated at 210° F. 
or above and required approximately 18 hours at 88° F. storage before the 
positive tests were found. In whole milk (Table 2), the reactivation of the 
enzyme oceurred when the milk was heated at 195° F. or above and was found 
after only 6 hours time at 88° F. In 20 eream and 38% cream (Tables 3 and 
4), the reactivation was found in samples heated only to 180° F. or above and 
165° F. or above, respectively, and within only 2 hours at 88° F. In no case 
did the long-time pasteurized products show evidence of reactivated phosphatase 


TABLE 1] 
Phosphatase and bacterial development in pasteurized skimmilk held 18 hours at 88° F. 





Standard plate count 








Phosphate reaction (baeteria/ml) 
After 
Immediately repasteur- Immediately 
after ization after 

Processing pasteur- After 1Shr. 9 at 145 pasteur After 18 hr. 

treatment ization at 88° F. F/30 min. ization at 88° F. 
240° F/16 see. - ~ 16 40,000 
225° F/16 see. . } : 40 12,000 
210° F/16 see. - 4 300 2 000,000 
195° F/16 see. . $50 17,000,000 
180° F'/16 see. ° 700 17,000,000 
165° F'/16 see. : = 4,000 700,000,000 
145-150° F/30 min. i. — . 6,200 42,000,000 





Initial raw milk phosphatase + 
Initial raw milk bacteria count 770,000/ml. 


TABLE 2 
Phosphatase and bacterial development in pasteurized whole milk held 6 hours at 88° F. 





Standard plate count 








Phosphatase reaction (baeteria /ml.) 
After ‘ 
Immediately repasteur- Immediately 
after ization after 

Processing pasteur- After 6 hr. at 145° pasteur After 6 hr. 

treatment ization at 88° F. F/30 min. ization at 88° F, 
240° F/16 see. . = sia 10 140 
225° F/16 see. : = = 140 110 
210° F/16 see. ‘ = i o 150 290 
195° F/16 see. : + ~ 300 250 
180° F/16 see. - —~ _ 1,100 3,300 
165° F/16 see. = — — 8,000 14,600 
145-150° F/30 min. _ = — 4,100 4,500 





Initial raw milk phosphatase + 
Tnitial raw milk bacteria count 960,000/ml. 
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TABLE 3 
Phosphatase and bacterial development in pasteurized 20% fat cream held 2 hours at 88 F. 








Standard plate count 














Phosphatase reaction (baeteria/ml. ) 
After 
Immediately repasteur- Immediately 
after ization after 
Processing pasteut After 2 hr. at 145 pasteur After 2 hr. 
treatment ization at 88° F. F/30 min. ization at 88° F. 
240° F/16 see. t 10 5 
225° F/16 see. t 11 16 
210° F/16 see. ; P00) 290 
195° F'/16 see. 300 270 
L80° F/16 see. 100 370 
165° F/16 see. 3,500 4,100 
4,500 7,000 





145-150° F/30 min. 
Initial ray cream phosphatase 
Initial raw cream bacteria count 500,000/ml1. 


TABLE 4 


Phosphatase and bacterial devclopment in pasteurized 38% fat cream held 2 hours at 88 F. 








Standard plate count 











Phosphatase reaction (bacteria/ml. ) 
After 
Immediately repasteur- Immeciate!s 
after ization after 

Processing pasteur After 2 hr. at 145 pasteur After 2 hr. 

treatment ization at 88° F. F/30 min. ization at 88° F. 
185° F/16 see. : 180 300 
165° F/16 see. ? 100 3,700 


145-150° F/30 min. 7.800 8,900 








Initial raw cream phosphatase 

Initial raw cream bacteria count 116,000/ml. 
when held at the elevated temperature. Also, with each product, all the control 
samples (both long- and short-time pasteurized) when held at 40° F., continued 
to show negative phosphatase even after 7 days storage. At any time during 
this storage at 40° F., the reactivation of the enzyme could be demonstrated in 
the H.T.S.T. products that initially showed reactivation, by simply holding 
those samples under the conditions described above. 

The effect of increased holding time on the reactivation of the phosphatase 
in heavy cream, at temperatures which previously had produced reactivation 
when the cream was pasteurized for 16 seconds, is summarized in Table 5. At 
each time/temperature interval studied, initial phosphatase reaction was nega- 
TABLE 5 


The cffeet of holding time on the reactivation of phosphatase in 38% fat cream 
pasteurized at three different temperatures 





Phosphatase reaction in samples after holding 2 hr. at 88° F. 








>. > ° ° 
Pasteur Processed at various times 
ization -—— oe 

temperature 20 SOC. dU see, 60 sec, 2 min. Z min, 6 min, 
165° F. t ~ ‘ = ~ m1 
180° F t + t t + - 
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tive immediately after heating. When the samples were subequently held for 
2 hours at 88° F., the intensity of the reactivated phosphatase decreased as the 
holding time was increased. These results would indicate that holding time is 
more critical than the pasteurizing temperature in preventing the reactivation 
of the phosphatase. 


Bacteriologically, there was essentially no increase in the numbers of organ- 
isms in the milk, 20‘, cream, or 38% cream at the end of the storage period 
at 88° F. when the positive phosphatase test in each product was observed 
(Tables 2, 3, and +). These results would indicate conclusively that the reap- 
pearance of the phosphatase enzyme in dairy products following H.T.S.T. treat- 
ment was not due to phosphatase producing bacteria growing in the produets. 
In the skimmilk (Table 1), the length of time required at 88° F. before the 
reactivation of the enzyme was observed was 18 hours and, during this time, 
considerable increase in bacterial numbers had taken place. However, consid- 
erably more bacterial growth had taken place in the samples that had received 
the lower heat treatments and had not shown the phosphatase reactivation. 
Also, when each sample that had shown enzyme reactivation was repasteurized 
at 145° F. for 30 minutes, complete destruction of the reactivated phosphatase 
resulted, again indicating that the positive tests were not of bacterial origin 
since bacterial phosphatase is reportedly more heat-resistant than milk phos- 
phatase and will survive exposure to 145° F. for 30 minutes. 

To demonstrate further that the reactivated phosphatase was not of bac- 
terial origin, a number of organisms were isolated from the skimmilk samples 
which showed positive phosphatase after the 18-hour storage time at 88° F. 
and were inoculated into sterile milk and cream. Although many of the isolants 
were active phosphatase producers, positive tests could not be found in the 
inoculated samples after 18 to 24 hours, in spite of counts in the millions per 
milliliter. Phosphatase activity of the isolants was determined on a water sus- 
pension of the culture made by suspending the growth from an agar slant in 
10 ml. sterile distilled water. The increased heat resistance of bacterial phos- 
phatase was also confirmed by subjecting water suspensions of the phosphatase- 
producing bacteria to pasteurizing treatment of 145° F. for 30 minutes and 
demonstrating no loss in enzyme activity. 

Since the reactivation of the phosphatase enzyme in the H.T.S.T. products 
appeared to be a function of the pasteurizing temperature (the higher the 
temperature, the more likely and greater the reactivation), it was thought that 
the positive tests might simply be due to a heat induced reaction. To determine 
if this was so, a sample of 20% cream was first pasteurized at 145° F. for 30 
minutes (it has been shown that phosphatase in the cream will not reactivate 
after this heating), then short-time heated for 16 seconds at temperatures up to 
200° F. Subsequent storage of the cream samples for as long as 24 hours at 
88° F. indicated no reactivation in any of the samples. Apparently, the long- 
time treatment completely and permanently denatured the phosphatase enzyme 
in the cream, so that subsequent exposure to the H.T.S.T. treatment had no 
further effect on the enzyme. 








HARVEY FRAM 











24 
TABLE 6 
Phosphatase and bacterial devclopment in commercially short-time pasteurized 
20> cream held at >5-80 F. and at 40 F. 
Standard plate count 
Phosphatase reaction bacteria/mil. ) 
Immeci Tmmeci- 
ately ately 
after After After after After After 
pasteur 2 hr. at {8-96 hr. pasteur- 2 hr. at $S-96 hr. 
Date ization room temp. at 40° F. ization room temp. at 40° F. 
9/19 + a 2,100 2 400 2.300 
9/20 3,100 3,500 3,600 
9/2] 2 200 Soo 6,800 
¢/22 4,000 18,000 37,000 
9/23 1,600 3,700 3,900 
9/26 1,900 2,500 3,200 
9/37 2 400 $200 23,000 
9/28 $500 £600 2,800 
9/20 1,800 2400 3,800 
O/30 3.200 $100 4,200 
10/38 S00 1,700 1,400 
10/4 3,000 3,100 1,600 
10/5 - . » O00 4,000 3,100 
LO/6 - Not done 1,400 12,000 Not done 
10/7 = + Not done $300 7,200 Not done 





A summary of the data obtained on the commercially short-time pasteurized 
cream is presented in Table 6. The cream at this plant was pasteurized in 
a conventional plate heater at 172° F. for approximately 20 seconds. On each 
of the 15 days when samples were examined, negative phosphatase tests were 
obtained on all samples immediately after pasteurization. When these same 
samples were held for 2 hours at 75° to 80° F., 13 out of 15 samples tested 
showed positive phosphatase but, when held for as long as 96 hours at 40° F., 
all 15 samples remained negative. The data again indicated no significant 
change in numbers of bacteria during storage, confirming the earlier finding 
that true enzyme reactivation occurred in commercially H.T.S.T.  pasteur- 
ized cream. 

DISCUSSION 

The results of this study confirm the many reports in the literature (2, 8, 
10, 11, 12) that true reactivation of milk phosphatase oceurs in H.T.S.T. pas- 
teurized dairy products but does not occur in similar products pasteurized by 
the long-hold method. Since it appears that more and more fluid dairy prod- 
ucts will be processed by short-time methods, and with greater emphasis in the 
future most likely to be on higher temperatures for shorter times, it would 
appear that a reevaluation of the phosphatase test as it applies to H.T.S.T. 
products is in order. 

This is especially true of cream, which appears to be particularly susceptible 
to phosphatase reactivation after H.T.S.T. treatment. As was demonstrated 
with the commercially processed H.T.S.T. cream samples, a sample of 20% 
cream, inadvertently left at room temperature for as little as 2 hours before 


testing, might show a positive phosphatase test and a faulty interpretation of 
pasteurization efficiency. Heavy cream pasteurized under similar H.T.S.T. 
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conditions also would require careful phosphatase interpretation, since it shows 
enzyme reactivation after even lower pasteurizing temperatures than light 
cream. Fluid whole milk and skimmilk, on the other hand, do not show reacti- 
vation of the phosphatase unless heated at temperatures considerably higher 
than the 162° F. for 16 seconds now used, and consequently it is unlikely that 
positive tests (reactivation) would be found in these products when commer- 
clally pasteurized. 

Some preliminary observations in this laboratory with H.T.S.T. sterilized 
milk have shown that milk heated to 260° to 280° F. for several seconds, de- 
signed for nonrefrigerated storage, also shows reactivated phosphatase within 
24 hours after processing. 

If the phosphatase test is to be of value in determining if milk and cream 
have received proper H.T.S.T. pasteurization, it is essential to make phosphatase 
tests immediately after heating. Otherwise, it is necessary to insure that the 
products have never been above 40° to 50° F. 

Since the reactivation of phosphatase has occurred more frequently in cream 
than in milk, many of the attempts to explain the cause of the phenomenon have 
been based on the fact that the higher concentration of the enzyme in the cream 
does not follow the same heat destruction pattern as in milk. The suggestion 
has been made (7, 9) that a small portion of the phosphatase in cream is 
‘*bound’’ by the fat in such a way that it escapes destruction during the very 
short heat treatment. Immediately after heat treatment, a negative test is 
obtained but, after a short storage period, the undestroyed phosphatase diffuses 
into the serum and a positive test is obtained. This hypothesis, if true, would 
hardly explain the results reported in this paper, which indicated that more 
phosphatase reactivation was obtained as the processing temperature was in- 
creased. 

There have also been several reports (7, 5, 6) suggesting that the reappear- 
ance of phosphatase after pasteurization is due to bacterial growth during 
storage. However, these studies indicated that in spite of the fact that the 
production of bacterial phosphatase is common to many organisms normally 
found in dairy products, considerable growth of these organisms (resulting in 
counts in the millions per milliliter) is necessary before a positive phosphatase 
test is obtained. The evidence reported in this paper and the fact that the 
reactivation of phosphatase has been observed in milks subjected to short time 
sterilizing temperatures (4, 10) would most certainly rule out bacterial, phos- 
phatase as a factor in the phenomenon. 

No attempt has been made in this study to investigate the mechanism of 
phosphatase reactivation, or to characterize and compare the reactivated milk 
phosphatase with the original milk phosphatase. These and other fundamental 
aspects of the reactivation phenomenon have been published by Wright and 
Tramer (10, 11, 12, 13). 


SUMMARY AND CONCLUSIONS 


1. The cause of positive phosphatase tests in commercially short-time pasteur- 
ized cream was found to be reactivation of the enzyme, which occurred 
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when the cream was held for as little as 2 hours at room temperature fol- 
lowing heat treatment. 
Studies were carried out in the laboratory to determine the conditions under 
which the reactivation phenomenon occurred in skimmilk, whole milk, 20% 
fat and 38% fat cream. 
By means of an H.T.S.T. tubular heater with a 16-second holding tube, por- 
tions of the various products were pasteurized at 165° to 240° F. In addi- 
tion, a portion of each product was also long-time pasteurized at 145° F. 
for 30 minutes. 
Immediately after pasteurization and when stored at 40° F., all the prod- 
ucts showed negative phosphatase tests. When the samples were stored at 
88° F., however, phosphatase reactivation was observed in H.T.S.T. treated 
products, but not in similar products pasteurized by the long-time method. 
The minimum short-time temperature above which reactivation occurred in 
these products and the time of storage at 88° F. before the enzyme reacti- 
vated appeared to be a function of the fat content. Both 20% and 38% fat 
cream showed positive tests (reactivation) within 2 hours at 88° F. when 
heated for 16 seconds at 165° and at 180° F. and above, respectively. Skim- 
milk and whole milk, however, required longer storage at 88° F. after heat 
treatment (18 hours for the skimmilk, and 6 hours for the whole milk) and 
higher pasteurizing temperatures (210° and 195° F., respectively) before 
reactivation was noted. 
Bacteriological studies made on all samples indicated that the reactivated 
phosphatase in the H.T.S.T. pasteurized products was not of bacterial origin. 
The reactivation of phosphatase in dairy products after H.T.S.T. heating 
at temperatures used commercially indicates the possibility of making faulty 
interpretation of the phosphatase test when applied to H.T.S.T. products. 
By analyzing H.T.S.T. products immediately after heat treatment, or by 
insuring that the products have been properly refrigerated prior to testing, 
the danger of reactivated phosphatase interfering with the analysis is 
eliminated. 
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High pasteurization temperatures with very short or no intended hold 
are a definite trend in the dairy industry. Different investigators have com- 
pared their practicability with the times and temperatures originally speci- 
fied by the U. S. Public Health Service. The authors have contributed timely 
information which was obtained by exposing some disease-producing bac- 
teria to high temperatures for very short times. Hiditor. 











Recently, there has been an increasing amount of interest in processes that 


can be used to pasteurize milk with shorter heating times than those used com- 


mercially today. With the use of higher temperatures it appears practical to 


depend entirely on the lethality of the come-up and cooling portions of the 


cycle to achieve adequate pasteurization. This would make it possible to com- 


pletely eliminate the holding-time requirement normally contained in the defini- 
tion of high-temperature short-time (HTST) pasteurization. Before standards 


can be set for new pasteurization processes, data are needed which would be 


valuable in suggesting these standards. 


An instrument has been developed to heat milk rapidly. A description of 
this instrument, as well as results of a study on the effect of rapid heating on 
some milk properties, has been published (5, 7). The object of this study was 
to evaluate the effect of heating times of less than one second on some bacteria 


that may be associated with milk. 


REVIEW OF THE LITERATURE 


Speck ef al. (10) tested the heat resistance of Micrococcus freundenreichu 
in whole and chocolate milk. They found that there was no difference in heat 
resistance in the two products at 165°, 160°, and 155° F., whereas at lower tem- 
peratures longer times were required to destroy the test culture in chocolate 
milk than in whole milk. Exposure times as short as 19 seconds were examined. 
In a previous publication, Speck (9) found that a 1-second exposure of M. 


freundenreichii to 170° F. would give 99.99% destruction. 


Shahani e¢ al. (8) found that, in the range of 168° to 174° F., the same per- 
centage of an inoeulum of M. frewndenreichii was destroyed as in laboratory 
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pasteurization at 143° F. for 30 minutes. The heating time was 6.17 seconds 
and holding time was calculated to be 2.1 to 2.2 seconds. A Mallorizer heater (4) 
was used. Herreid et al. (2) modified this instrument so that the heating time 
was 4.0 seconds. The velocity of the milk through the heater and cooler was 
23.78 feet per second. A holding tube of 1.0-in. inside diameter was used. 
Velocity in this tube was 1.49 feet per second. The heating and holding tubes 
were made of 0.25-in. stainless steel tubing. Tobias et al. (11) used the Mal- 
lorizer for studies on milk pasteurization at high temperatures. Heating times 
of 6.36 seconds, 2.36 seconds holding time, and 2.5 seconds cooling time (to 
86.7° F.) were used for attaining a final temperature of 170.4° F. It was found 
that heating to 168.34° F., with a holding time of 2.36 seconds, was equivalent 
to 148° F. for 30 minutes as measured by the destruction of M. freundenreichii. 
A temperature of 169.7° F. was necessary to reduce the activity of phosphatase 
to 4 y of phenol per milliliter. 

Holland and Dahlberg (3) used rectangular tinned copper tanks, with 
dimensions of 20 X 12 X 1 em., to heat milk. The heat treatment was carried 
out in three stages, by means of water baths. In the first stage, temperature was 
held at 145°-150° F. to raise the temperature of the milk in the copper tank to 
135°-140° F. The second bath was set at a temperature of 30° F. above that used 
for pasteurization temperature. The third bath was maintained at pasteurization 
temperature and was used as a holder. Cooling times were not defined. Heating 
times were determined for four final temperatures, from an initial temperature 
of 140° F. The heating times in seconds were 3.0, 5.5, 8.2, and 10.0 for final 
temperatures of 150°, 160°, 170°, and 175° F., respectively. It was found that, 
with a final heating temperature of 175° F. and no intended holding time, sus- 
pensions of 325,000 per milliliter of Escherichia coli were completely destroyed 
and cream volume was reduced 27% after 4 hours refrigeration. The phosphatase 
test showed 0.02 y of phenol per 0.5 ml. of milk, and the rennet coagulating 
time was increased by 85%. Complete destruction of EF. coli was achieved at a 
minimum temperature of 172.5° F. when no intended holding time was used. 


EXPERIMENTAL PROCEDURE 


Raw milk was obtained from the University of Massachusetts herd, pumped 
into the holding tank of the instrument, and foreed through the small-bore 
(7/64 in. inside diameter) stainless steel tubing by air pressure. As the milk 
passed through the tube, it was heated to the desired temperature by heat ex- 
change from the small-bore tube. The tube was heated by electrical resistance. 
Samples were collected by introduction of the milk into a precooled liquid 
medium. In all cases, the temperature of the mixture of precooled medium and 
heated milk was below 135° F. at the time of collection. A holding time of 0.05 
second was inherent in the process. A detailed description of the instrument 
used in this study has been published (5). 

The bacteria studied in the investigation were Escherichia coli, ATCC $9637, 
Streptococcus pyogenes ATCC $7017, Salmonella typhosa ATCC $9498, Shigella 
paradysenteriae ATCC $9580, Corynebacterium diphtheriae ATCC 4296, and 
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an unidentified species of micrococcus designated MS 102. The results with the 
MS 102 organism have been published previously (7). 

Escherichia coli ATCC $9637. Stock cultures were grown on Brain Heart 
Infusion Agar (BHI, Difco) and daily transfers of this organism were made 
to freshly prepared slants. Incubation was at 98.6° F. for 24 hours. A 24-hour 
slant culture was used to inoculate plates of BHI agar. The organisms, after 
24 hours incubation at 98.6° F., were harvested by washing the growth from 
the plate with sterile distilled water. This suspension was filtered through 
Reeve Angel Filter paper $235 to remove large clumps. The optical density 
of the filtered suspension was adjusted to give the desired concentration of 
bacteria. Autoclaved milk was used in this study, with the exception of deter- 
minations which were made to check the validity of comparing results obtained 
in autoclaved milk with those of raw milk. 

Samples were taken from the instrument by direct injection of the treated 
milk containing the test organisms into lactose broth. A series of 12 replicate 
samples was obtained for each temperature tested. Gas in any of the 12 replicate 
samples, after incubation at 98.6° F. for 48 hours, was considered as a positive 
test for 2. coli. Positive tubes were spot-checked by streaking on Eosin Methylene 
Blue Agar (Difco). The procedure with raw milk was identical to that above 
with the exception that all samples were streaked on Eosin Methylene Blue Agar 
after 24 hours of incubation in lactose broth. Total counts before heat treatment 
were determined by standard plate-counting procedures in all cases. 

The mean temperatures for sterilization (100% destruction) of suspensions 
of E. coli in autoclaved milk, with heating times of 0.25 second and 0.5 second 
above 135° F. were 174.5° and 172.3° F., respectively. This organism was also 
processed in raw milk to check the validity of applying data obtained in auto- 
elaved milk to data from raw milk. Results from a series of ten trials, with a 
0.5-second heating time, gave a mean temperature of 171.7° F. for 100% destrue- 
tion of #. coli. An initial concentration of 8 X 10° organisms per milliliter was 
used throughout the study on this organism. 

Streptococcus pyogenes ATCC $7017. S. pyogenes stock cultures were main- 
tained by daily transfer on Brain Heart Infusion Agar (Difco). Stock suspen- 
sions of this organism were made with a technique similar to that for FZ. coli. 
The filtered suspension of organisms was suspended in raw milk. Azide Dex- 
trose Broth was used as the recovery meilium. The organisms were incubated 
in this medium for 24 hours and then transferred to Azide Dextrose Agar. 
Typical colonies in this meduim were considered as positive for S. pyogenes. 
Triplicate samples were used for each temperature investigated in this series. 

With an initial concentration of 3 X 10° organisms per milliliter, and heating 
times of 0.25 second and 0.5 second above 135° F., the mean respective tempera- 
tures required for sterilization of S. pyogenes suspended in raw milk were 162.6° 
and 158.9° F. Since the thermal resistance of this organism appeared low, it 
was used to check the lethality of the preheating tube of the instrument to 
determine whether a preheat temperature of 135° F. had appreciable lethality. 
Preheat temperatures of 135° and 140° F. were tested. The heater section of 
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the tube was not heated and functioned only as a holding tube. The holding 
time was 0.5 second. With an initial count of 6 < 10° cells per milliliter, it 
was found that this process caused 8% reduction (from 6 X 10° to 5.5 x 10° 
organisms per milliliter) in count with a preheat temperature of 135° F., and 
18% reduction (from 6 X 10° to 4.9 X 10° organisms per milliliter) when the 
final preheater temperature was set at 140° F. The vehicle used was raw milk. 

Shigella paradysenteriae ATCC 79580. The inoculum was prepared in a 
manner similar to that for FE. coli and suspended in raw milk. The organisms 
were recovered in Brain Heart Infusion Broth and ineubated for 24 hours. 
Duplicate loop transfers were made to MaecConkey’s Agar (Difeo) and Salmon- 
ella Shigella Agar (Difco). The appearance of typical white colonies on either 
medium was considered as a positive test for S. paradysenteriae. Colonies were 
spot-checked by agglutination with homologous antisera. Triplicate samples were 
processed for each temperature tested. 

Concentrations of 5 X 10° organisms per milliliter required mean tempera- 
tures of 162.8° and 162.0° F. for 100% destruction of S. paradysenteriae, with 
respective heating times of 0.25 second and 0.5 second above 135° F., when 
raw milk was used as the suspension fluid. 

Salmonella typhosa ATCC £9498. The inoculum was prepared as for E. coli 
and suspended in raw milk. Samples were taken from the instrument and inocu- 
lated into Selenite broth (Difeo). After 24 hours incubation at 98.6° F., these 
samples were transferred to Bismuth Sulfite Agar and incubated for 48 hours. 
Typical colonies on this medium were considered as positive for S. typhosa. 
Colonies were spot-checked by agglutination procedures. Triplicate samples 
were processed for each temperature tested. 

With S. typhosa, a heating time of 0.25 second produced 100% destruction, 
with a mean temperature of 165.1° F. A mean final temperature of 162.8° F. 
was required to sterilize suspensions of S. typhosa when a 0.5-second heating time 
was used. The initial concentration used for this organism was 3 X 108 cells per 
milliliter and the vehicle used was raw milk. 

Corynebacterium diphtheriae ATCC #296. The inoculum was prepared as 
with FE. coli. Samples were taken from the machine and inoculated into Brain 
Heart Infusion Broth. The primary recovery medium was incubated at 98.6° F. 
for 24 hours. Transfers then were made to Potassium Tellurite Agar plates. 
All samples were taken and processed in triplicate. The presence of typical 
colonies on potassium tellurite agar was considered as positive for C. diphtheriae. 
Colonies were checked by microscopic examination of the morphology of the 
individual cells. 

Heating times of 0.25 second sterilized suspensions of C. diphtheriae at mean 
temperatures of 161.4° and 157.4° F., respectively. An initial concentration of 
1.2 x 10° organisms per milliliter was used for this study. The vehicle used 
was autoclaved milk, since it was found that micrococci normally present in 
raw milk would multiply rapidly in the recovery medium. This would result 
in the suppression of C. diphtheriae. As a result, attempts to use raw milk as 
the suspending fluid failed to disclose the thermal resistance of C. diphtheriae. 
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TABLE 1 
Temperatures required for complete destruction of five organisms 
with 0.25 second heating time 
Preheat temperature 135° F. 
Holding time 0.05 second 
Organism Vehicle No. Trials Mean Range 
C" #. CF.) 
E. coli Autoclaved milk 10 174.5 173.8-175.6 
S. pyogenes Raw milk 13 162.6 161.6-163.8 
Sh. paradysenteriac Raw milk 12 162.8 162.0-163.8 
Sal. typhosa Raw milk 2] 165.1 164.1-166.1 
C. diphtheriae Autoclaved milk 16 161.4 158.3-163.7 





TABLE 2 
Temperatures required for complete destruction of test organisis 
with 0.5 second heating time 
Preheat temperature 135° F. 
Holding time 0.05 second 








Organism Vehicle No. Trials Mean Range 

CF. C"R) 
E. coli Autoclaved milk 12 172.3 171.5-173.3 
E. coli Raw milk 10 171.7 171.0-172.4 
S. pyogenes Raw milk 12 158.9 158.4-160.0 
Sh. paradysenteriac Raw Milk 12 162.0 160.9-163.0 
Sal. typhosa Raw milk 12 162.8 





C. diphtheriae Autoclaved milk 10 157.4 





The results reported above show that this organism has less heat resistance than 
that reported in a preliminary study (6). The diserepaney apparently resulted 
from a pseudo-diphtheriae present in the raw milk. A summary of the results 
of the organisms studied is shown in Tables 1 and 2. 

Statistical significance of results. The results of this investigation show that 
there is very little difference in the temperature required to kill a given organism 
or to inactivate phosphatase between the 0.25 and 0.5 second heating periods. 
Accordingly, a Standard Error Test for Significance was performed by the 
method of Velz (12) to determine whether the difference in temperatures re- 
quired by the 0.25 and 0.5 second heating times was significant. 

Values were computed for the 99% confidence level and compared with the 
difference in the arithmetic means of the 0.25 and 0.5 second heating times 
(Table 3). In all eases, the difference in the means was found to have signifi- 
cance at the 99% confidence level. 

Equivalent times at 143° F. Heating-curve determinations were made for 
heating times of 0.25 second and 0.5 second, with final temperatures of 150°, 
160°, 170°, 180°, 190°, and 200° F. It was found that the heating curve for 
the heating tube used in this instrument was essentially linear. 

Equivalent times at 143° F. were caleulated for heating times of 0.25 and 0.5 
second with a 0.05 second holding time. This was done by drawing a thermal- 
death-time curve with an assumed z* value of 9, using an F}4;* value, or process 


*Slope of the thermal death time curve expressed in terms of the number of °F traversed 


by the curve in one log cyele. 
“Destruction time at 143° F. 











TABLE 3 
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Summary of statistical analysis of thermal destruction data for test organisms 
and phosphatase, with 0.25 and 0.5 second heating times 





Organism or 
enzyme 


Standard error 
of difference 





Phosphatase 

MS 102 

E. coli 

S. pyogenes 

S. paradysentariac 
S. typhosa 

C. diphtheriae 





0.64 
0.26 
0.33 
0.25 
0.24 


99% eontidence Actual 


limit (3 SE) 


1.92 
0.78 
0.99 
0.75 


0.72 


difference 





value of 143° F. for 30 minutes. Lethal rates were computed for heating times of 
0.25 and 0.5 second with a 0.05 second holding period, for final heating tem- 


peratures of 150°, 160°, 170°, 180°, and 200° F. 


From these, lethality curves 


were drawn and total lethality was determined by the graphical method (1). 
Results are shown in Table 4. For example by calculation, it was found that, 
with a heating time of 0.25 second and a 0.05 second holding time, a final tem- 
perature of 190° F. with this process had 6.51 times the lethality of 143° F. 


for 30 minutes. 


For comparative purposes, the lethality of the above heating procedures 
may be expressed in terms of holding time at 148° F., 


Total lethality (z 
for final heating temperatures of 150°, 160°, 170°, 180°, 


TABLE 4 


as is shown in Table 5. 


9) of 0.6 and 0.25 second heating times, with 0.05 second holding time 


190°, and 200° F. 





Final heating 





temperature 0.25 second heating time 0.5 second heating time 
CR) (units) * (units) 
150 0.00038 0.00059 
160 0.0039 0.0055 
170 0.0411 0.059 
180 0.510 0.626 
190 6.51 8.22 
200 71.40 101.0 





* One unit is equivalent in lethality to a process of 143° F. for 30 minutes. 


TABLE 5 


Sterilizing values (F3)* of heating times of 0.25 and 0.5 second with a 


0.05 second holding time and final temperatures of 150°, 160°, 
190°, and 200° F. 


170°, 180°, 





Final heating 





temperature 0.25 second heating time 0.5 second heating time 
(’RP.) (min. ) (min. ) 
150 0.0114 0.0177 
160 0.117 0.165 
170 1.23 Lae 
180 15.3 18.8 
190 195.3 246.6 
200 2142.0 3030.0 





* Conventional holding pasteurization of 30 minutes at 143° F. taken to have Fus=30 


minutes. 
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For example, it was found that a final heating temperature of 190° F., with 
0.25 second heating time and 0.05 second holding time, was equivalent in 


lethality to 148° F. for 195.3 minutes. 


DISCUSSION 


The investigation of the effect of short heating times on bacteria indicate that 
heating times, with no intended holding time, had sufficient lethality to com- 
pletely kill the suspensions of bacteria which were inoculated into milk. A tem- 
perature of 175.6° F. was found sufficient to completely kill suspensions of Sal. 
typhosa, Sh. paradysenteriae, S. pyogenes, C. diphtheriae, and E. coli, when 
suspended in milk and heated for 0.25 second. All initial concentrations of the 
organisms tested were in excess of 1 X 10° per milliliter. 

The heat resistant organisms (MS 102) were found to have a heat resistance 
considerably greater than that of the other organisms tested. Temperatures as 
high as 192.9° F., with a heating time of 0.25 second, were found necessary to 
produce 99.9% destruction of the organism (7). 

Phosphatase was previously found to be inactivated at a mean temperature 
of 182.4° F. with a heating time of 0.25 second (7). This study indicates that 
phosphatase may still be used as a satisfactory indicator of the effectiveness of 
pasteurization, since the temperature found necessary to inactivate phosphatase 
was 6.8° F. higher than that required to kill any of the organisms tested, with 
the exception of the heat-resistant MS 102. This would make it possible to use 
phosphatase as an indicator of satisfactory pasteurization and still provide an 
adequate margin of safety. 

The temperature found sufficient to kill a given organism with a 0.25 second 
heating time was found to be only slightly higher than that required to kill the 
same organism with a 0.5 second heating time. Accordingly, a significance test 
was performed, and it was found that all differences were significant at the 
99% confidence level. 

An attempt was made to completely eliminate the holding time in this 
process. However, because of the transition from final heating to cooling, com- 
plete elimination of the holding time could not be accomplished. The holding 
time for the bacterial studies was approximately 0.05 second and was in addi- 
tion to the reported heating or come-up time. Cooling was accomplished by 
introducing the hot fluid into a precooled liquid. Since final temperatures of 
the liquid were always under 135° F., a caleulation of the cooling time involves 
a consideration of the time required for any particle of fluid to reach thermal 
equilibrium with the surrounding fluid. It was believed that this time would 
be so short as to be negligible. 

The heating curve for the heating tube used in this study was found to be 
essentially linear. That is, a given particle of milk was heated at a constant 
rate as it passed through the heating tube. This fact makes caleulations of 
the amount of lethality in the heating cycle easily transformed mathematically 


to holding time. 





METHOD OF MILK PASTEURIZATION 


When the lethality of this process is compared with that of 143° F. for 30 
iinutes, it is found that a final heating temperature of 181.5° F.. with a 0.5- 
second heating time and a 0.05-second holding time, is comparable to 143° F. 
for 30 minutes in lethality, if an assumed z value of 9 is used. With 0.25 seeond 
heating time, and the same holding time and z value, it is found that 183° F. 
is comparable in lethality to 148° F. for 30 minutes. A review of the literature 
resulted in very little information on the z values of pathogens that may be 
found in milk. However, on the basis of existing data, a z value of 9 was selected 
as probably representative of the vegetative cells found in milk. 

The results from the investigation of the effect of rapid heating on milk 
properties and bacteria indicate that pasteurization of milk can be accomplished 
without intended holding times. It is apparent that rapid heating rates have 
sufficient lethality for the production of a safe milk and in addition do not 
have an adverse effect on the product. In addition to the study on milk, the 
instrument has been used to sterilize suspensions of vegetative cells, as well as 
spores, when these suspensions were suspended in a gelatin diluent. It was 
found that sterilization of bacteria could be accomplished without appreciable 
alteration of pHi, viscosity, surface tension, and specific gravity of the suspen- 
sions. Suspensions of viruses have been sterilized with this process, and the 
practicality of using this type of heating for bacterin production is under 
investigation at the present time. 

Other applications wherein this type of processing might prove valuable 
include the sterilization of pharmaceutical products, elimination of hepatitis 
virus from the blood serum, processing of fluid food products, and basic infor- 
mation on the thermal resistance of vegetative cells and spores of bacteria in a 
variety of suspending fluids. 


SUMMARY 


Suspensions of Escherichia coli required mean temperatures of 174.5° and 
172.3° F. for sterilization in autoclaved milk, with heating times of 0.25 and 
0.5 second, respectively. Under the same conditions, a heating time of 0.5 second 
destroyed EF. coli with a mean temperature of 171.7° F. when raw milk was 
used as the suspending fluid. 

Mean temperatures of 162.6° and 158.9° F., for heating times of 0.25 and 
0.5 second, were found sufficient to sterilize suspensions of Streptococcus pyog- 
cnes in raw milk. . 

Suspensions of Shigella paradysentcriae in raw milk were sterilized by mean 


. 


temperatures of 162.8° and 162.0° F., with heating times of 0.25 and 0.5 seeond, 
respectively. 

With heating times of 0.25 and 0.5 second, temperatures of 165.1° and 
162.8° F.. respectively, were found sufficient to sterilize suspensions of Salmo- 
nella typhosa when suspended in raw milk. 

Suspensions of Corynebacterium diphtheriae were sterilized in heating times 
of 0.25 and 0.5 seeond, with respective mean temperatures of 161.4° and 
157.4° F.. when autoclaved milk was used as the suspending fluid. 
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Holding times of 0.05 second were inherent in the process and necessarily 


must be added to the reported heating or come-up time. 
In conclusion, it appears from this investigation that a satisfactorily pas- 


teurized milk can be produced by a process that uses fast heating and cooling 
rates without any intended holding time, by using pasteurization temperatures 


easily attainable with existing modern equipment. 


— 


aD 


(9) 


(10) 


(11) 


(12) 





REFERENCES 

BaLL, C. O. Thermal Process Time for Canned Food. Nat?’l. Research Couneil, Bull. 
37: 45. 1923 

HeRkEID, E. O., SHAHANI, K. M., Dupuy, C. S., AND Tracy, P. H. The Effect of Heating 
Cream in a Small Tube Heat Exchanger on Some of Its Properties. /. Dairy Sei., 
35: 13. 1952. 

HoLLaAND, R. F., anp DAHLBERG, A. C. The Effect of the Time an 
Pasteurization Upon Some of the Properties and Constituents of Miilk. N. Y. Agr. 
Expt. Sta. Bull. 254. 1940. 

Mauiory, W. C. U.S. Patent No. 2,270,540, Official Gaz. U. S. Pat. Office. 1942. 

Reap, R. B., Jr., Boyp, T. C., Lirsky, W., AND HANKINSON, D. J. Come-Up-Time 
Pasteurization I. Deseription of Laboratory Instrument. J. Milk and Food Technol., 
19: 29. 1956. 

Reap, R. B., Jr., HANKINSON, D. J., Litsky, W., AND Norcross, N. L. Investigations 
with Come-Up-Time Pasteurization. J. Dairy Sci., 38: 1410. 1955. 

Reap, R. B., Jr., Norcross, N. L., Hankinson, D. J., anp Litsky, W. Come-Up-Time 
Method of Milk Pasteurization II. Investigation of Milk Properties and Some Pre- 
liminary Bacteriological Studies. J. Milk and Food Technol., 19: 44. 1956. 

SHAHANI, K. M., Herren, E. O., AND OrDAL, Z. J. HTST Pasteurization of Dairy Prod- 
ucts. J. Dairy Sci., 34: 481. 1951. 

Speck, M. L. The Resistance of Micrococcus freundenreichii in the Laboratory High- 
Temperature Short-Time Pasteurization of Milk and Iee Cream. J. Dairy Scei., 30: 
975. 1947. 

Speck, M. L., CoLvarp, C. D., AND SHUMAKER, M. L. Some Observations on the Efficiency 
of High-Temperature Short-Time Pasteurization of Chocolate Milk. J. Dairy Sci., 
31: 707. 1948. 

Tosias, J., HERREID, E. O., AND OrDAL, Z. J. A Study of Milk Pasteurization at High 
Temperatures. J. Dairy Sci., 36: 356. 1953. 

Vez, C. J. Public Health Statistics Manual. Sehool of Publie Health, Univ. of Michi- 
gan, 5: 2. 1952. 


Temperatures of 
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The total yield of a dairy cow during a lactation period is dependent 
on the total number of epithelial cells that are stimulated to growth during 
the first two-thirds of pregnancy and the initiation and maintenance of the 
intensity of milk synthesis in each of these cells. The role of three hor- 
mones—estrogen, thyroxine, and a growth hormone—in the regulation of 
the intensity of secretion during the normal declining segment of the lacta- 
tion is described. Fditor. 











After parturition, the secretion of milk increases for a period of 1 to 2 months, 
reaches a peak or maximum rate of production, then declines gradually. The 
rate of decline in individual cows varies greatly. Some cows are said to be very 
persistent, whereas others decline rather rapidly. Gaines (12) defined persistency 
as the degree with which the rate of secretion is maintained as lactation advances. 
An exponential equation has been found to accurately describe the rate of 
decline of milk seeretion of nonpregnant cows (3). It was shown further that 
a superabundance of feed is stored as depot fat and does not appreciably affeet 
the characteristic course of the declining curve (17). On the other hand, under- 
feeding and several environmental, managerial and physiological factors, in- 
cluding pregnaney (4), may decrease persistency. 

Under uniform conditions, it is believed that the control of persistency of 
milk secretion is primarily dependent upon the rate of secretion of certain 
hormones that can influence the intensity of milk secretion in the individual cells 
of the udder. A second factor of importance would then be the gradual 
involution and loss of epithelial cells with the advance of lactation. 

The total vield of milk of a dairy cow during a lactation period is dependent 
upon the total number of epithelial cells, which are stimulated to growth during 
the first two-thirds of pregnancy, and the initiation and maintenance of the 
intensity of milk synthesis in each of these cells. 

In the preceding paper were described the endocrine factors which induced the 
erowth of the mammary gland of sterile heifers and initiated the secretion of 


Received for publication June i, 1956. 


> Contribution from the Mo. Agr. Expt. Station, Journal Series No. 1631. Approved by 


the Director. 
? Aided-in-part by grants from Chas. Pfizer and Co., Ine., and the U. 8S. Atomie Energy 


Commission {Contract No. AT (11-1)-301 





38 C. W. TURNER ET AL 


milk. It was shown that their maximum milk secretion closely approached that 
which might have been expected had these heifers calved normally (19). 

The object of the present paper is to report upon the effect of certain hormones 
that are believed to play a role in the regulation of the intensity of secretion 
during the normal declining segment of the lactation curve (18). The three 
hormones considered at this time are estrogen, thyroxine, and growth hormone. 

Estrogen. The primary hormone stimulating the synthetic activity of the 
mammary gland cells is believed to be the lactogenic hormone of the anterior 
pituitary (20). When this hormone is injected into animals with grown, but not 
lactating, mammary glands, the secretion of milk is quickly initiated. It is be- 
lieved to be necessary throughout the entire period of lactation. When the rate 
of secretion of this hormone declines, the intensity of secretion of milk in the 
individual cell declines. It has been shown in many experimental animals that 
the amount of lactogenic hormone in the pituitary increases dramatically Just 
before and after parturition and then gradually declines with the advance of 
lactation. The rise and decline of this hormone parallels the rise and deeline 
of the milk seeretion curve (14). 

[It was shown further by work in this laboratory that the estrogenic hormone 
stimulated the secretion and content of the lactogenic hormone of the pituitary 
(14). As a result of these observations the theory was advanced that the initia- 
tion and increase of lactation just before and after parturition was due to the rise 
in the seeretion of the lactogenic hormone which, in turn, was stimulated by the 
rise in the secretion of the estrogenic hormone in late pregnaney. 

Experimental proof of the theory of the role of estrogen in the stimulation 
of the lactation process was presented (13,19). It was shown that the injection 
of estrogen into heifers in which the glands were grown but not lactating indueed 
the initiation and secretion of large quantities of milk. On the basis of these ob- 
servations, it was suggested that if estrogen stimulated the functional activity of 
the acidophilic cells of the anterior lobe of the pituitary to secrete the lactogenic 
hormone during the rising segment of the lactation curve, then it might be 
possible to maintain an intense secretion of the lactogenic hormone after the 
period of maximum milk production by optimal administration of estrogenic 
hormone during the normal declining segment of the lactation curve and thus 
prevent the normal decline in milk secretion. Evidence that estrogen will pre- 
vent the decline in milk secretion will be presented. 

Thyroxine. Extensive research has demonstrated that the intensity of milk 
secretion is controlled in part by the hormone of the thyroid gland, thyroxine 


2). If less than an optimal rate of thyroxine is being secreted in dairy cattle, 
the rate of milk production will be depressed below the potential possibilities 
of the cow. By increasing the amount of circulating thyroid hormone in such 
animals, either by injection of thyrotropic hormone (5) or by the injection or 
feeding of thyroxine, the intensity of milk seeretion can be increased. 

Thyroxine is a general body metabolic stimulant. It has been shown to favor- 
ably influence feed consumption; the rate and volume of blood flowing to the 
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udder ; the composition of blood, especially the precursors of milk; cellular ac- 
tivity of the mammary gland cells; certain endocrine gland cells and body cells 
in general (2). 

Thus, dairy cattle which respond to the injection or feeding of the thyroid 
hormone by increased secretion of milk indicate, thereby, that their own secretion 
rate of this hormone is less than optimal in relation to the size of the udder 
(number of secreting cells) and to the secretion of other essential hormones. 

The object of the present experiment was to determine in each of the heifers 
the extent to which the secretion of thyroxine was limiting the intensity of milk 
secretion. This was of particular interest since the actual thyroxine secretion rate 
of these heifers is being measured with radio-active iodine. The results of this 
latter study will be presented later. 

Growth hormone. In recent vears the marked effect of the growth hormone 
upon established lactation has been demonstrated (1, 5-11, 15, 16,21). It has 
been suggested that the primary effect of this hormone is due to the favorable 
effects it exerts upon the protein, carbohydrate, and fat precursors of milk. In 
the present study, interest in the effect of its action in individual cows was con- 
sidered, that is, to what extent the intensity of milk secretion was limited by the 
endogenous secretion of the growth hormone. 

Experimental method. The heifers induced to lactate experimentally were 
used in the present experiment (79). When these heifers declined in milk pro- 
duction for a period of 2 weeks, the feeding of estrogen was begun. Diethylstil- 
bestrol was premixed with finely ground cellulose (Cellu-flour), then *mixed with 
the concentrate grain mixture so that each animal received 10 mg. per head per 
day in 5-mg. portions twice per day for a total period of 4 weeks. In a few 
cases the hormone was given again in late lactation. 

Immediately after the treatment with diethylstilbestrol, the heifers were 
started on 1-thyroxine at the rate of 0.4 mg. per 100 lb. live weight per head 
per day injected subcutaneously. The thyroxine was dissolved in sodium hydrox- 
ide, then neutralized and made up to the appropriate level with distilled water. 
The duration of the thyroxine treatment varied from 4 to 9 weeks. In addition 
to thyroxine, heifers No. 310 and 580 were injected with graded dosages of 5 to 
20 units of thyrotropin plus radioiodine during the last 4 weeks of treatment. 

The growth hormone was injected for a period of 7 days at the rate of 50 mg. 
per day. The immediate and continuing effect of the hormone was observed in 
individual cows in varying stages of lactation. 

Effect of estrogen treatment. The addition of 10 mg. of diethylstilbestrol per 
day to the grain mixture of five heifers was started when the animals showed 
2 weeks of declining production. The treatment was continued for 4 weeks 
(Table 1, Figures 1 and 2). It will be noted that in some animals the decline 
in milk yield continued for 1 week, followed by a tendeney for the decline to be 
arrested and a slight inerease to occur by the fourth week. Thus, in several of 
the heifers, the average milk production at the end of 4 weeks of treatment was 
equal to or higher than the production during the last week preceding the treat- 
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TABLE 1 
diethylstilbestrol daily on milk production 











Average 

Average milk yield Average 

milk yield at week milk yield 
Herd at preceding last week of Change in Effect on 
No. Breed maximum treatment treatment milk yield decline 

lb/day) lb/day (lb/day (% 
310 Jersey 18.2 15.3 15.3 0 Arrested 
580 Jersey 22:9 20.7 21.9 + 3.8 Arrested 
402 Holstein 33.3 30.1 26.9 - 11.8 Arrested 
583 Jersey 13.2 11.8 13.1 + 23 See Fig. 

(3 glands 

585 Jersey 18.2 17.1 17.6 r £9 See Fig. 
o44 Jersey 29.6 





ment. 


* Fed 20 mg. diethylstilbestrol per day. 


16.3 18.2" aa 


Arrested 


In Holstein No. 402, the decline the first week of treatment was not offset 


by a subsequent rise in production ; there was, however, a tendency for the further 


decline in yield to be arrested. 


In cow No. 3596, thyroxine was administered 
first, followed by a period of a combination of thyroxine and diethyIstilbestrol. 
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Fig. 1. The effect on the intensity of milk secretion of the feeding of diethylstilbestrol at 
the rate of 10 mg/ per day and of thyroxine injected at the rate of 0.4 mg/100 lb. body weight 
per day to + lactating dairy cows. 
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Mic. 2. The effeet of diethylstilbestrol and thyroxine on milk production. 


In this animal, the decline continued for 2 weeks, then increased and plateaued 
for a period of 4 weeks. A decline then occurred during a period of sickness. 
Cow No. 544 was fed 20 mg. per day of diethylstilbestrol some weeks after the 
peak of production (20th week of lactation). The decline was arrested, followed 
by a gradual increase in milk vield. 

Later in the lactation period, several cows were again fed diethylstilbestrol 
to observe the effect on the decline in milk yield in late lactation. Cow No. 580 
in the 40th week of lactation began a period of regular decline during a period 
of 5 weeks. After diethylstilbestrol feeding was started the decline was arrested ; 
a slight increase followed, which was maintained for a period of 10 weeks of 
feeding. 

Cow No. 585 in her 37th week of lactation had shown a decline in milk 
yield during a period of 6 weeks. She was started on diethylstilbestrol the 43rd 
week of lactation, when she was producing 10.5 lb. of milk per day. She then 
gradually increased to a maximum of 12.9 lb., which was sustained for a period 
of 9 weeks without decline. 
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Although these data are limited both as to the number of cows available and 
to the duration of treatment, they suggest that low levels of estrogen fed at the 
beginning of the declining phase of laetation will tend to arrest the rate of 
decline of milk seeretion. In two cows, it was shown that even in late lactation 
the feeding of diethylstilbestrol arrested the decline in milk production and 
eaused maintenance of the level for periods of 9 to 10 weeks. Further studies 
through extended periods of the lactation cycle are required to demonstrate the 
continuing value of low levels of the estrogens on the intensity of milk secretion. 

If further research should confirm these observations on the arrest of the 
decline in milk seeretion through the mediation of low levels of fed estrogen, 
the question of the passage of estrogen into the milk seereted will be raised. This 
problem is now being investigated and will be reported in detail later. Compar'- 
sons of the milk of nonpregnant cows with cows fed 10 mg. daily of diethylstil- 
bestrol indicate that estrogen fed at this level does not pass into the milk in 
assavable quantities. 

The second question will be the eftfeet of feeding diethylstilbestrol at this 
level to pregnant cows. Preliminary reports on the feeding of 10 mg. of diethy]- 
stilbestrol to beef heifers indicate that it does not interfere either with subse- 
quent conception or with the maintenance of pregnancy. 

Effect of thyroxine treatment. At the conclusion of the 4 weeks of diethyl- 
stilbestrol feeding, the estrogen treatment was discontinued and daily injections 
of L-thyroxine were initiated in five heifers. This treatment was continued for 
4 weeks in two heifers (No. 402 and 583) and for 8 or 9 weeks in three heifers 
(No. 310, 580, and 585). In addition to thyroxine, No. 310 and 580 were injected 
with graded dosages of 5, 10, 15,, and 20 units of thyrotropin (Armour & Co. 
plus iodine 1'™' during the last 4+ weeks of treatment in order to study the effect 
of thyrotropin on the uptake of I'' by the thyroid. This phase of the study 
will be reported later. As would be expected, the milk vields were not significantly 
affected by the addition of thyrotropin in the presence of thyroxine. Two ad- 
ditional cows (No. 544 and 3596) were tested. 

The daily injection of thyroxine at the rate of 0.4 mg. per 100 Ib. body weight 
produced variable increases in average weekly milk production during the in- 
jection period (Table 2 and Figures 1 and 2). Cow No. 310 showed an immedi- 
ate rise in production, which was then maintained for a period of 8 weeks. After 
the cessation of injections, there was a decline for 2 weeks, followed by a rise above 
the previous level of milk production, and up to the peak level. 

Cow No. 580 showed a rise during the last week of diethylstilbestrol and was 
continued on thyroxine during an 8-week period. It is interesting to note that 
her production at the peak of her initial rising segment (experimentally in- 
duced) was 22.9 lb. of milk, whereas after 8 weeks on thyroxine she reached a 
peak of 25.4 lb. per day. It is believed that this indicates that her produetivity 
was seriously limited by her normal thyroxine secretion rate. When supplied 
an inereased amount of exogenous thyroxine, she demonstrated increased ability 
to secrete milk. Upon the withdrawal of thyroxine, she showed a_ precipitous 
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TABLE 2 


MILK SECRETION 


Effect of injecting L-thyroxine daily on milk production 


9 
o 





Milk yield 


Milk yield 


Milk yield 








Herd at week preced- last week of Change in Duration of 
No. Breed maximum ingtreatment treatment milk yield treatment 
(lb/day ) (lb/day) (lb/day) (%) (weeks ) 
310 Jersey 18.2 15.3 16.6 + 7.8 8 
580 Jersey 22.9 21.9 25.4 16.0 s 
583 Jersey 12.2 12.1 13.4 10.7 4 
3 glands 
585 Jersey 17.6 20.6 17.0 9 
402 Holstein 27.2 26.4 - 39 4 
544 Jersey 25.4 26.7 » §a2 4 
3596 Guernsey 25.1 24.2 — 370 6 
24.2 22.1° 9.5 4 
22.1 18.7” - 15.4 6 





* Thyroxine was continued with 10 mg/day of diethylstilbestrol added. 
» Thyroxine increased to 0.45 mg/100 lb. body weight with diethylstilbestrol. 


decline in milk production for 2 weeks, followed by a slight rise as her own 
thyroid glands resumed activity. 

Cow No. 583, a low producing cow with only three functional quarters, 
showed a moderate increase in milk production during a 4-week period on thy- 
roxine. She also increased in milk production above the initial maximum experi- 
mentally induced. Upon withdrawal of the thyroxine, she alone showed no im- 
mediate decline in milk production. 

Cow No. 585 showed a rise in milk production upon thyroxine administration 
exceeding the initial maximum experimentally induced. Her greatest produe- 
tion was reached the ninth week of injection. Upon withdrawal, lactation de- 
clined for 2 weeks, and then increased. 

Cow No. 544 was started on thyroxine at the time she leveled off at the peak 
of production. She then showed a further rise during a period of 3 weeks. After 
a temporary change in milkers, she declined temporarily, thus preventing de- 
ermination of her full response. 

Cow No. 3596 was placed on thyroxine alone at the rate of 0.35 mg. per 100 
lb. weight for a period of 6 weeks. She showed very little response during the 
first 3 weeks, then declined. At the beginning of the seventh week, 10 mg. daily 
of diethylstilbestrol was added to the feed. Production declined slightly for 3 
weeks, then inereased slightly for 2 weeks. At this time, the thyroxine level was 
increased to 0.40 mg. per 100 lb. body weight, stilbestrol being continued. The 
inerease had no effect upon milk production. The cow became sick temporarily 
and her milk production declined. This cow showed no response to thyroxine at 
either level. 

The response of the group of cows to thyroxine was variable. Cow No. 580 
showed the greatest response, increasing in production above that attained at the 
peak of experimental production. Cows No. 585 and 583 also increased in lacta- 
tion above the previous peak although the yield was not as great. Cow No. 310 
showed only a slight increase, but the yield was well maintained. Cow No. 3596 
was unresponsive. These data are interpreted as indicating that the response 
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in milk production to thyroxine may be used to determine the degree to which 


endogenous thyroxine may be a limiting factor in the productive capacity of 


individual cows 

When thyroxine was suddenly withdrawn, there followed a decline in milk 
production for about 2 weeks until the cow’s thyroid gland resumed normal 
function. It is interesting to note that the recovery in milk vield after thyroxine 
withdrawal was greatest in cows with the smaller responses. 

Effect of growth hormone. It will be noted that the injection of growth 
hormone was continued for a single week in contrast to the continued adminis- 
tration with the other hormones. The cow most responsive to growth hormone 
was No. 580 (Table 3). Milk vield increased during the week of treatment from 

TABLE 3 


Effect of the injection of growth hormone upon milk production 








Milk yield 








Milk vield week 
Herd at preceding Milk yieldat Change in Duration of 
No. Breed maximum treatment maximum milk yield stimulation* 
(lb/day (lb/day (Ib/day) (% (weeks) 
310 Jersey E82 14.5 16.8 17.5 3 
580 Jersey 22.9 19.5 25.7 31.7 8 
583 Jersey 12.2 11.8 15.5 31.4 i 
(3 glands) 
402 Holstein 33.3 0.7 26.5 28.0 2 
585 Jersey 18.2 2.7 12.8 0.7 No stimulation 
160 Jersey 27.3 8.7 22.5 20.3 3 
544 Jersey 29.6 20.6 20.5 —- O65 No stimulation 
3596 Guernsey 26.3 25.7 25.1 = No stimulation 





‘Time in weeks before return to production preceding treatment. 


19.5 lb. to 25.7 Ib. per day and continued at this level for a period of 8 weeks. 
This production was equal to her response to thyroxine and exceeded her initial 
maximum. Starting in the 57th week of lactation she was again injected with 
growth hormone. She increased about 2 lb. per day, which gain was sustained 
for a period of 4 weeks. 

Cow No. 583 increased from 11.8 lb. per day to a peak of 15.5 lb. after the 
injection of growth hormone starting the 40th week of lactation. The increase was 
sustained for 3 weeks followed by a decline to the starting level. This production 
was the highest level reached by this cow, exceeding that stimulated by thyroxine. 

Cow No. 402 in her 36th week of lactation was given growth hormone. During 
the preceding week she averaged 20.7 lb. per day. She increased to a maximum 
of 26.5 lb. in 2 weeks. Unfortunately, milkers were changed at this time, which 
resulted in a drop in milk production. 

Cow No. 310 in her 44th week of lactation was producing 14.3 Ib. of milk per 
day. Upon the injection of growth hormone, production increased to a peak 
of 16.8 lb. within 3 weeks, then declined. 

Cow No. 585 was injected with growth hormone on the 53rd week of laetation 
when she was producing 12.7 lb. of milk. She showed no response during the 


week of injection or during the following week. 








1 abs Ta he Cath ds natal tesa NR oe ce 











Wee Lowen Va 


> DATES 


wit ba lis itl 2 


SNE ATR. 





ENDOCRINE FACTORS INFLUENCING MILK SECRETION 45 


Cow No. 160 was in the 16th week of lactation, producing 18.7 lb. of milk 
per day, when injected with growth hormone. She inereased her production 
gradually during a period of 3 weeks to a maximum of 22.5 lb., then returned 
to the preinjection level. 

Cow No. 544 showed no inerease in milk yield when growth hormone was ad- 
ministered during the 16th week of lactation. Cow No. 3596 was injected with 
growth hormone during the 12th week of lactation without a stimulating effect 
being noted. 

Of the eight cows injected with growth hormone at various stages of lactation, 
five showed a response, which was sustained for 2 to 8 weeks even though the 
hormone was administered for a period of a week. Three cows showed no response. 
The variation in the response is interpreted as indicating the degree to which 
the intensity of milk secretion is limited by the rate of endogenous secretion of 
the growth hormone. 

Discussion. The inheritance of the capacity for lactational milk production 
in the cow is dependent upon the inheritance of the rates of secretion of the 
various endocrine glands that supply the hormones necessary for the growth 
of the udder and the maintenance of the intensity of milk secretion. The present 
report is concerned with a study of the latter problem in a group of heifers whose 
udders were stimulated to growth by the injection of progesterone and estrogen, 
then stimulated to the initiation of lactation by estrogen (19). 

A number of hormones have been shown to influence the intensity of milk 
secretion in cattle. If any one or all of these hormones are being secreted in less 
than optimal amounts, the administration of the hormone in question should 
stimulate an increase in the milk yield of the cow up to the point where some 
other hormone secretion rate would become the limiting factor in productivity. 

By injecting or feeding a succession of hormones during the declining seg- 
ment of the lactation curve, it should be possible to determine which of the endo- 
erine glands are limiting the productivity of individual cows. It is suggested 
that such a technique should make it possible to determine the genetic causes of 
the variability in milk yield of individual cows and of the progeny of dairy 
sires. Thus, in the selection of sires and dams, the indices of productivity would 
not be total production, but the adequacy of the rate of secretion of the hormones 
which make possible high production. 

Thus, cows that fail to respond to the additional hormone would be considered 
to be secreting adequate amounts of the hormone. In other words, their produc- 
tivity was not limited by the endogenous rate of secretion of the hormone. Cows 
that do respond to the administration of the hormone show, thereby, that their 
production was being limited and if the inherited rate of secretion of the hormone 
had been greater, their rate of milk secretion normally would have reached the 
level which the added hormone made possible. 

Analysis of the results of the study. From a consideration of the results of 
the previous (19) and present studies, the following conelusions are reached 
in regard to each cow (Table 4). 
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TABLE 4 
Effect of various hormones on intensity of milk secretion 





Response to hormone treatment 





Diethy|stilbestrol Thyroxine Growth hormone 





Milk Maximum Change Maximum Change Maximum Change 














Herd yield at milk in milk in milk in 
No. Breed maximum — yield yield yield yield yield yield 
(1b./day (1b. (% (lb.) (%) (1b.) (%) 
310 Jersey 18.2 15.3 + 0.0 16.5 7.8 16.8 + 17.5 
580 Jersey 22.9 21.9 + 5.8 25.4 + 16.0 25.7 + 31.7 
402 Holstein 26.9 11.8 27.2 3.0 26.5 + 28.0 
583 Jersey 12.1 + 2.5 13.4 10.7 15.5 + 31.4 
(3 glands 
585 Jersey 18.2 17.0 + 29 20.6 + 17.0 12.8 + 0.7 
544 Jersey 29.6 18.2 + 327 26.7 t &J 20.5 — 0.5 
160 Jersey 27.3 22.5 + 20.3 
3596 Guernsey 26.3 24.2 ae 25.1 = oe 








Cow No. 310, a Jersey heifer, was induced experimentally to secrete a maxi- 
mum of 18.2 Ib. of milk daily. This was estimated to equal 65.9% of the maximum 
production of her close relatives. The feeding of diethylstilbestrol arrested the 
decline in milk production. This is interpreted as indicating that the lactogenic 
hormene was beginning to decline in secretion rate. The response to exogenous 
thyroxine was slight but persistent, indicating that the thyroxine secretion rate 
was only a slight limiting factor in milk production. The response to growth 
hormone was greater in advanced lactation, indicating that the secretion of this 
hormone was a more severe factor limiting milk production. 

Cow No. 580, a Jersey heifer, secreted a maximum of 22.9 lb. of milk per day, 
which was estimated to be 137.1% of the maximum production of her close rela- 
tives. In spite of this evidence of production, she responded well to diethylstil- 
bestrol, thyroxine, and growth hormone, indicating that her secretion rates of 
these hormones were limiting her productivity. With the latter two hormones, 
she exceeded markedly the initial maximum production. It is clear that this 
eow’s productivity was seriously limited by a lack of endogenous secretion of 
thyroxine and growth hormones. 

Cow No. 583, a Jersey heifer, had only three functional glands, yet produced 
at her maximum 73.1% of the maximum production of her close relatives. Her 
response to exogenous hormones was similar to that of No. 580 except that she 
did not respond quite as well to thyroxine although she exceeded her initial 
maximum production in both cases. It is believed that aside from a lack of 
gland tissue, her two endocrine gland deficiencies were thyroxine and growth 


hormone secretions. Heifers No. 580 and 583 were by the same sire. 

Cow No. 402, a Holstein heifer, produced at her maximum 93.0% as much 
milk as her dizygotic twin, which calved in the University herd. Her twin had 
two records and showed a marked lack of persisteney and in her second lactation 
dropped off so fast that she was discarded. No. 402 showed this same tendency, 
but diethylstilbestrol arrested the decline after the first week. Her response to 
thyroxine was short-lived, but her response to the growth hormone was marked 
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at the 36th week of lactation. She was diagnosed as being deficient in the secre- 
tion of lactogenic and growth hormones. 

Cow No. 585, a Jersey heifer, produced 127.3% of the maximum production 
of her close relatives. Her rate of decline of lactation was small (high persist- 
ency). Her response to diethylstilbestrol in early lactation was slight. In late 
lactation, when her decline was marked, she showed a better response, which was 
maintained for 9 weeks. She showed a good response to thyroxine, exceeding her 
initial maximum production. She showed no response to growth hormone. Her 
endocrine deficiencies were diagnosed as chiefly thyroid with lactogenic hormone 
playing an increasing role in later lactation. 

Cow No. 544, a Jersey heifer, was brought into lactation experimentally and 
reached a maximum production of 29.6 lb. of milk per day during the 7th week, 
which was estimated to be about her production had she calved normally. She 
showed a slight response to thyroxine, no response to the growth hormone, but 
a good response to diethylstilbestrol fed at the 20 mg. level. She appeared to indi- 
cate a lactogenic hormone deficiency with advanced lactation. 

Cow No. 160, a Jersey heifer, reached a maximum weekly production of 27.3 
lb. per day. She was tested only with the growth hormone and showed a good re- 
sponse (20.3'% ). indicating that her productivity was limited by her growth 
hormone secretion rate. 

Cow No. 3596, a Guernsey heifer, reached a maximum weekly production of 
26.3 Ib. Her response to thyroxine and growth hormone was negative, indicating 
that other hormones limited her productivity. 


SUMMARY 


1. A group of dairy heifers whose udders were grown and subsequently in- 
duced to secrete milk experimentally were allowed to reach their maximum pro- 
duction without further treatment. When they began to decline in milk yield, 
each heifer was treated with three hormones, one after the other, to determine 
their effect upon the intensity of milk secretion. 

2. It was assumed that if the hormone administered either arrested the normal 
decline or increased the intensity of milk secretion it would indicate that the 
animal’s endogenous secretion of the hormone was limiting its milk secretion 


capacity. 
. a . . . . . bs 
3. It was shown that the daily feeding of 10 mg. of diethylstilbestrol for a 


period of 4 weeks tended to arrest the decline in milk yield and in some animals 
eaused a slight increase in milk vield during the period. In two cows in late 
lactation the prolonged feeding of this hormone caused the maintenance of the 
level for periods of 9 to 10 weeks. 

4. It was suggested that these data indicate that low levels of estrogen tend 
to prevent the decline in the secretion of the lactogenic hormone of the pituitary. 

5. The injection of L-thyroxine at the level of 0.4 mg. per 100 Ib. body weight 
for periods of + to 9 weeks in some heifers produced a marked rise in milk vield, 
whereas in others the effect was less or nil. 
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6. These data are believed to indicate the degree to which the endogenous 
rate of secretion of thyroxine was limiting the milk producing capacity of the 
individual heifer. 

7. When the injection of thyroxine was stopped suddenly, the yield of milk 
declined rapidly for about 2 weeks then increased to the level which might have 
been expected at that stage of lactation. During periods of exogenous thyroxine 
administration, the secretion of enogenous thyroxine is prevented but returns 
rapidly to the normal rate when thyroxine injections are stopped. 

8. The injection daily of 50 mg. of growth hormone for a period of 1 week 
stimulated a marked inerease in milk vield in five of eight cows injected, which 
inerease was sustained for periods of 2 to 8 weeks. Three cows showed no 
response. 

9. The variation in the response to growth hormone was interpreted as indi- 
eating the degree to which the intensity of milk secretion was limited by the rate 
of endogenous secretion of the growth hormone. 

10. On the basis of the responsiveness of each animal to the three hormones 
administered, an analysis of the genetic-endocrine causes of their variability 
in milk production was suggested. Data similar to this in regard to the dams and 
to the progeny of dairy sires would make possible matings of animals, not on the 
basis of total production, but on the adequacy of the rate of secretion of the 
hormones that make possible high milk production. 
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EFFECT OF AUREOMYCIN ON YOUNG DAIRY CALVES 
RAISED IN A NEW ENVIRONMENT! 


F. T. LANDAGORA, L. L. RUSOFF, snp BARNEY HARRIS, JI. 
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Aureomycin increased the weight and feed utilization efficiency of Hol- 
stein and Jersey calves and more so when they were kept in a sanitary 
environment. Hditor. 











Several studies (3, 4,9) have shown that certain antibiotics were ineffective 
in stimulating the growth of germ-free chicks. Recently however, Luckey (10) 
reported that germ-free birds receiving oxytetracycline, 25 mg. per kilogram of 
diet, grew more rapidly (3 to 7%) than unsupplemented birds. 

Many workers (2, 5, 8, 17, 12, 13) have observed also that chicks or pigs that 
were raised in new uncontaminated quarters failed to show any antibiotic growth 
response. Healthy chicks or pigs in new quarters grew as well or faster than 
those fed antibiotics in old quarters. The disease level of these animals was 
thought to be the factor responsible for the lack of growth stimulation to anti- 
biotic administration. 

On the other hand, Hill et al. (6) observed that a small growth response was 
noted in birds in new quarters after 3 weeks, which might be attributed to a 
gradual contamination of the new quarters. More recently, Hill and Larson (7) 
obtained greater daily gains and higher feed utilization efficiency in baby pigs 
held in isolation units from birth to 24 days of age when receiving supplementa- 
tion of 10 p.p.m. aureomycin. 

Bartley and coworkers (1) reported that control calves in a new barn grew 
as well as aureomycin-fed calves in an old barn. However, aureomycin-fed calves 
at the new barn grew at a significantly faster rate (approximately 10% at 16 
weeks of age) than the control animals. 

Since a newly built calf barn with new pens, hayracks, and feeding utensils 
was available, a comparison was made to determine the effect of aureomycin on 
calves raised in a new uneontaminated environment with those raised in an old 
environment. 

EXPERIMENTAL PROCEDURE 


Sixty-one newborn purebred male dairy calves (30 Holsteins and 31 Jerseys) 
were used in this study. Twenty-nine calves (18 Holsteins and 11 Jerseys) were 
Reeeived for publication May 26, 1956. 


‘This investigation was supported in part by a grant provided by Lederle Lab. Div., 
Ameriean Cyanamid Co., Pearl River, N. Y. 
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housed in the old barn and 32 calves (12 Holsteins and 20 Jerseys) in a newly 
constructed barn furnished with new equipment and feeding utensils. Calves 
at each barn were divided at random into three groups aceording to breed. 
Group I was fed a basal ration (Table 1) and served as the control; Group II 


TABLE 1 


Exwperimental rations used 





Groups 




















I and III II 

(lb.) (lb.) 
Cotton seed meal 35.0 35.0 
Ground yellow corn 31.3 31.3 
Rolled oats 15.0 15.0 
Wheat bran 10.0 10.0 
Soybean oil meal 5.5 5.5 
Bone meal 2.0 2.0 
Salt 1.0 1.0 
Quadrex X“ 0.2 0.2 
Aurofae 2A” — 0.5 

Chemical analysis of the rations (A.O.A.C. method) 
Groups 
I and ITI IT 

(%) (%) 
Crude protein 24.20 23.80 
Ether extract 3.50 3.80 
Crude fiber 7.80 7.20 
Water 10.40 9.70 
Ash 6.90 7.10 
N.F.E. (by difference) $7.20 48.40 





“Supplied by the Nopeo Chemieal Co., Harrison, N. J. Contains vitamin A, 10,000 U.S.P. 
units and vitamin D2, 1,250 U.S.P. units per gram. 

» Supplied by the American Cyanamid Co., Pearl River, N. Y. Contains 3.6 g. aureomyein 
per pound. 


received aureomyecin orally (50 mg. daily in the milk, and a 0.5‘, level of Auro- 
fac 2A* in the calf starter), and Group III was administered weekly 400 mg. 
aureomycin in sesame oil by intramuscular injection. 

The animals were kept in individual pens on a cement floor covered with fresh 
shavings. All calves were fed colostrum for the first 3 days of life. From the 
fourth day up to 28 days of age they were fed whole milk daily from a nipple 
pail at a rate of 1 Ib. per 10 lb. body weight in two feedings, half in the morning 
and half in the evening. Calf starter rations (Table 1) were fed ad libitum from 
the fourth day of age until a maximum of 5 lb. was being consumed daily by the 
Jerseys and 6 lb. by the Holsteins. Good quality alfalfa hay was fed ad libitum, 
beginning at 7 days of age, and clean water was available at all times. 

Feed consumption was recorded daily and all calves were weighed at weekly 
intervals to 12 weeks of age. 


* Supplied by the American Cyanamid Co., Pearl River, N. Y.; contains 3.6 g. aureomycin 
per pound. 
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RESULTS AND DISCUSSIONS 


Growth and feed efficiency. The body weight gains and feed utilization are 
summarized in Table 2. All antibiotic-treated calves in both barns made greater 


TABLE 2 
ffect of aureomycin administration on the growth and feed utilization 
efficiency of dairy calves 


re af 











Treatment 
and age TDN/Ib. gain 


Ay. daily gains per calf (/b.) 








Barn Jarn 








Old New Old New 








Jerseys Holsteins Jerseys Holsteins Je 


‘rseys Holsteins Jerseys Holsteins 








0-4th week 

















control O30 0.49 0.43 0.58 0.71 0.55 0.49 0.26 

oral 0.60** 0.77* 0.60* 6.76** 0.22 O28 O30 O18 

injected 0.38** 0.67 0.55** 0.96** 0.58 0.32 0.28 0.23 
0-Sth week 

control 0.53 O.87 0.69 0.78 2.11 1.64 1.60 1.47 

Oral 0.91** 1.29 0.91 1.05** 1.10 1.37 1.33 1.2] 

injected 0.78** 1.07 O.88* 1.13** 1.50 1.41 1.39 Lia 
0-12th week 

control O77 1.15 O83 1.13 2.47 2.18 2.30 2.04 

oral i233" 1.53 1.26" L.4e** 1.64 1.98 1.75 1.73 

injected 1L.00** nos” ie" 1.43** 2.14 2.05 L.SS 1.66 








** Highly significant at 1/or at P < 0.01% level of probability. 


body weight gains and consumed their feed more efficiently than did their re- 
spective control animals at 4, 8, and 12 weeks of age. These differences were 
statistically significant at P < 0.01. The results obtained in this study indicate 
that regardless of the type of environment in which calves are raised, aureomycin 
administration increases growth rate. Bartley et al. (7) also reported a growth 
stimulation in calves raised in a new environment when fed aureomycin. These 
workers obtained an increased gain of 349% of the average first week’s weight 
for calves receiving 45 mg. of aureomycin daily, 314% for those receiving 15 mg. 
aureomycin, and 291% for the control calves. Similar results were reported by 
Hill and Larson (7) with swine. They observed that aureomycin exerted a 
growth-promoting effect in pigs delivered by hysterectomy and raised in an 
isolated area free from recognized swine disease. 

Lillie et al. (8) found that chicks in old quarters showed the effect of anti- 
biotic feeding at 1 week of age, but in new quarters there was no effect until 
2 to 4 weeks. In the present calf study, an inerease in growth rate was obtained 
as early as the second week from aureomycin feeding in a new barn. At the 
end of the second week of age, the antibiotic-fed animals had gained 0.54 Ib. daily 
in the new barn as compared to 0.26 Ib. in the old barn. There were small differ- 
ences in body weight gains of the antibiotic-treated calves in the two barns at the 


end of 4 weeks of age. 
A few reports (7,8) have indicated that animals in new quarters fed no 
antibiotics grew as rapidly as animals in the old quarters fed antibioties. This 
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study did not confirm such findings. The aureomyein-fed calves in the old barn 
grew faster than the untreated calves raised in the new barn. These body weight 
gains were approximately 20, 37, and 33° in favor of the aureomyein-fed calves 
at the end of 4, 8, and 12 weeks of age, respectively. 

In general, the feed efficiency of calves raised in the new barn was higher in 
comparison to similar groups at the old quarters, irrespective of treatments 
(Table 2). The Holstein calves showed a better feed efficiency than the Jersey 
calves. In both barns all aureomyecin-fed calves had a higher feed efficiency 
than their respective control animals. The difference among groups at the new 
barn was more pronounced than among those at the old barn. 

Secours. The occurrence of scours was greater in the old barn than in the new 
barn when all calves were considered (Table 3). At the old barn the intramuseu- 


TABLE 3 
Effect of aureomycin upon incidence of scours in a new environment 
(scours-days per calf) 




















Jerseys Holsteins 
Week Week 
Treatment Barn 0-4 5-8 9-12 0-4 5-8 9-12 
(8)* (1) (1) (2) 
Old 2.00 1.00 0.0 1.00 5.5 0.0 
Control 
(5) (3) (1) 
New 4.40 0.00 0.0 5.34 5.00 0.0 
(3) (1) (1) (2) (1) 
Oral Old 3.00 4.00 19.00 1.50 6.0 0.0 
aureomyecin 
50 mg./day New 0.0 0.0 0.0 0.0 0.0 0.0 
(2) (3) (1) 
Injected Old 2.00 0.0 0.0 2.00 0.0 2.00 
aureomyein ; 
400 mg./wk. (1) (1) 
New 6.0 0.0 0.0 3.00 0.0 0.0 





“Figures in parentheses indicate number of animals scouring. 


lar injection of aureomycin seemed to prevent scouring but the oral administra- 
tion of the antibiotic was not as effective. The situation in the new barn was 
different. In both antibiotic groups (groups IT and IIT) scouring was very slight 
and only the calves that were intramuscularly injected with aureomycin scoured. 

Leucocyte counts. White blood cell counts in the antibiotic-treated calves 
were reduced as compared to the control animals at the old barn. In both breeds, 
especially the injected-treated calves, lower white blood cell counts were observed 
as the calves grew older and were most pronounced at 12 weeks of age. However, 
the difference in white blood cell counts at this age was not statistically signifieant 
between treatments. 

White blood cell counts of the calves at the new barn revealed no differences 
among groups at all stages of collection, 4-week interval (Table 4). This is in 





54 F. T. LANDAGORA ET AL 


TABLE 4 


Effect of aureomuycin administration on white blood cell count of dairy calves (X10*/eu. mm.) 














Treatment Control Oral Injected 
Barn Old New Old New Old New 
Jerseys, No. 3 Ss + 6 + 6 
0-4th week 9.53 8.89 7.81 8.09 6.94 9.13 
5-8th week 9.88 8.85 8.15 7.98 5.85 9.83 
9-12th week 9.75 9.04 5.70 8.13 5.00 9.79 
Holsteins, No 6 4 6 4 6 4 
0-4th week 10.48 8.86 10.638 10.45 8.93 10.04 
5-8th week 9.97 8.95 8.15 10.10 5.92 9.31 
9-12th week 7.05 9.08 6.68 9.65 4.75 9.35 


Combined 





0—4th week LO.16 8.88 1.69 9.04 8.27 9.50 

5-8th week 9.94 8.86 8.14 S.85 5.90 9.63 

%—12th week 8.06 9.08 6.31 8.74 4.84 9.62 
‘Old Barn > animals per group. 


agreement with the report of Voelker ef al. (14), who observed no significant 
difference in the total leucocyte and differential leucoeyte counts in Holstein 
ealves fed aureomycin and other antibiotics as compared to control calves. If 
leucocyte counts are used as criteria for an infection-free condition, the data 
collected in this paper indicate that all calves were in the same degree of health 
at all times. From this assumption, the data obtained imply that aureomyein 
exerts a growth-promoting effect in calves even in the absence of a disease level. 
Further work is needed to justify this observation since no accurate criterion 
for an absolute infection-free condition is available at the present time. 


SUMMARY 


The effect of oral-fed and intramuscular-injected aureomycin on young calves 
raised in a new uncontaminated and in an old environment was investigated. 
The data show that regardless of what type of environment calves are raised in, 
aureomycin administration statistically (P < 0.01) increased body weight gains 
and feed utilization efficiency at 12 weeks of age. An earlier stimulation in growth 
was observed in calves raised in a new barn than in those raised in an old barn. 
The growth response from antibiotic administration was detected earlier in the 
oral-fed groups than in the injected-treated animals. In the new barn, the growth- 
promoting effect of aureomycin administration was detected as early as 2 weeks. 
whereas in the old barn the effect was not observed for 4+ weeks. This finding 
indieates that the cleanliness and sanitary conditions of the environment favor a 
greater and more effective growth-stimulation response of aureomycin feeding. 

There was no significant difference in white blood cell counts among the 
antibiotic and control groups in the old and new quarters, indicating that all 
calves apparently were in a similar state of health. 
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GENETIC AND ENVIRONMENTAL FACTORS IN THE DEVELOPMENT 
OF THE AMERICAN RED DANISH CATTLE! * 


N. R. THOMPSON,’ L. J. CRANEK, SR.,' ano N. P. RALSTON 


Dairy Department, Michigan State University, East Lansing 





In 1939, Red Danish bulls were introduced into herd service in Michi- 
gan, where they were rotated from herd to herd. A study of the resulting 
grading-up project has been made. Among the factors considered were 
butterfat production, lethal defects, calf mortality, and sterility of the 
cows. Fditor. 











Young Red Danish bulls were introduced from the USDA herd at Beltsville, 
Maryland, into Michigan during 1939 and several years immediately following. 
County bull associations were formed, and the bulls were used extensively in 
farm herds of various dairy breeds. The bulls were rotated from herd to herd. 
The program, by reason of repeated back-crosses to the Red Danish bulls, became 
a grading up project. Favorable results and growing interest among the dairy- 
men enrolled led to the establishment of the American Red Danish Cattle As- 
sociation in 1948. An open herd book was set up, and provision was made to 
accept third-cross females and fourth-cross males for registration. Records of 
production on female ancestors were made a requirement for registration. An 
investigation of the results of the program was begun by Cranek in 1950 and 


continued by Thompson in 1953. 


PROCEDURE 


Data were obtained through the cooperation of breeders, agricultural extension 
workers, and the American Red Danish Cattle Association. In the first part of 
the investigation (by Cranek), milk and butterfat lactation records of 270 to 
365 days duration were adjusted to 305-day values by factors developed by 
Dickerson (3) and to maturity by standard multiplicative age correction factors 
(10). In the second part of the investigation (by Thompson), additive correction 
factors for age at calving, previous calving interval, length of lactation period, 
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and year of calving first were developed from the unadjusted and uncorrected 
raw data by a least squares procedure (7,9). These correction factors then were 
used to adjust all apparently normal lactation records of 200 to 365 days length 
to a mean age of 64 months, a mean previous calving interval of 12.7 months, a 
mean length of lactation period of 292 days, and to the approximately median 
year 1946. In all cases, the lifetime average of each cow was used as a measure 
of her producing ability. 

The general method for developing additive correction factors from results 
of the least squares analysis (Table 1) was to (a) find the mean for a given 


TABLE 1 
Least squares estimates of the effects of environmental factors 
on butterfat production* 








Factor Component Effeet 
(lb.) 
Year of calving” Linear o5** 
Month of calving‘ Linear —0.770 
Quadratie 0.009 
Age at calving" Linear 10.012** 
Quadratic -0.067* 
Previous calving interval" Linear 1.955** 
Length of lactation® Linear 0.994** 





* Significant at 5% probability level. 
** Significant at 1% probability level. 
“Based on an intracow analysis of 2,301 reeords. 
” Years 1941 to 1952, inclusive. 
Months denoted by ordinal numbers, 1 for Jan., 2 for Feb., ete. 
“Tn months. 
“Tn days. 


variable, (b) calculate the expected deviation in butterfat yield for each unit 
deviation of the variable, and (c) reverse the sign of the deviation for butterfat. 
As an example, the mean previous calving interval was 12.7 months and the re- 
gression of butterfat yield on previous calving interval was 1.955 lb. per month. 
Thus the deviation for a 12-month interval was minus 1 Ib. (to the nearest whole 
pound) and the correction factor, plus 1 Ib. 

The choice of an appropriate least squares analysis presented some prob- 
lems. Ideally, it would have been desirable to fit constants for all variables. 
Practically, this was not feasible, since the number of equations needed would 
have been more than 2,000 and thus well beyond the capacity of most or alt com- 
putational systems. Therefore it was necessary to reduce the number of equations 
and terms to a point where a solution was feasible. Henderson (9) showed how 
to set aside the constants for cows. The relation of age at calving to production 
may be computed as a curvilinear regression. Inspection of one-way tabulations 
of butterfat yield and month of calving suggested that a parabolic curve, with 
low points in June-July and high points in December-January, might give a 
reasonable first approximation of the trend. Similarly, it was assumed that linear 
regressions would give reasonable estimates of the relations between butterfat 
yield on the one hand and number of days milked and length of preceeding calving 
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interval on the other. Thus it was deemed necessary to fit constants only for years, 
and even this proved to be not absolutely necessary. In fact, only the linear com- 
ponent (Table 1) among the deviations for vears was used in adjusting the data 
in the second part of the investigation. 

The mathematical model assumed was 


¥ iinmnp = + 4; + 0; + dy (Mi. — M) + do(M*, — M2) + da (Aim — A) + dy(A2im — A?) 
+ ds( Kin —K)+do(Lp—L) + Cijcmnps ‘ 

in which YVijxmn, is the record of the i cow calving in the k'® month of the j™ 
year, at the m'™ age (in months), and with the »” previous calving interval (in 
months) and the p™ length of lactation period (in days). The a;’s stand for devi- 
ations (from the population mean) of real producing abilities of individual cows, 
the b,;’s for deviations associated with vear of calving, and the d’s symbolize 
partial regression of butterfat yield on the respective variables; » is the popula- 
tion mean, and €jj.».») iS the residual or error deviation from this mean. 

It will be noted that the mathematical model includes no deviation for herd 
effect. Inasmuch as cows typically stay in one herd for their entire productive 
lifetimes, it was assumed that the intracow analysis which resulted from setting 
aside the constants for cows was also approximately intraherd. 

The equations for the least squares analysis were solved by procedures such 
as have been reported by Henderson (9) and by Harvey (7). 

Heritability of butterfat production (Table 2) was estimated by the method 
of intrasire regression of daughter on dam (13), by using 4138 daughter-dam 
pairs from the first-cross and foundation generations. Repeatability of butterfat 


TABLE 2 
Estimation of heritability of butterfat yield * 





























Sums of squares Sums of squares 
for for Cross 
Item daughters dams products 
Over-all uncorrected 
S.S. & S.C.P. 62,171,123 58,314,428 58,911,145 
Correction factors 60,730,749 56,263,076 58,333,750 
Within-sire corrected 
S.8S. & S.C.P. 1,440,374 2,051,352 577,395 
= ( 577,395 ) anit 
H=2 2,051,352) = °° 
Applying the formula by Laben and Herman (11 
ios - 
= 1 — 0.4274 
H=H| r+— = 0.5629 ( 0.4274 +—___———._ } 
d 1036 / 


= 0.38938 + 0.1129 





“Based on 413 daughter-dam pairs with daughters by 31 sires. 





H = single-record heritability. 


H = Heritability based on average records. 


r = repeatability. 
d= average number of records for the dams. 
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TABLE 
Estimation of repeatability of butterfat yield 

Source of Degrees of Mean Expectation of 

variation freedom square mean square 
Total 748 
Between cows 236 1,026 o* + 3.72 ¢* 
Within | cows 07 273 o- 
o = ( 1, 026 272) 3.72 = 208 

a 203 - 

Repeatability ee — OSS 4 


203 + 272 





production (‘Table 3) was estimated by the method of intraclass (in this case 
intracow) correlation (18) from 744 lactation records on 237 cows in the first- 
cross generation. Both heritability and repeatability of butterfat production 
were estimated from records that had been adjusted for age at calving, year of 
calving, previous calving interval (where this existed or was known), and length 
of lactation period. The formula by Laben and Herman (17) was used to reduce 
the heritability value to a single-record basis. 

Butterfat production of the foundation groups and of the generations which 
resulted from repeated crossing to the Red Danish sires was compared both on 
a daughter-dam basis and over entire generation groups. Repeatabilities of length 
of calving interval and length of lactation period were estimated by the method 
of intraclass correlation (loc. cit.) 

The repeated use of a relatively few Red Danish sires led to inbreeding in 
the second-cross and later generations. The IBM procedure by Hazel and Lush 
(8) was followed in calculation of the inbreeding coefficients. 


RESULTS AND DISCUSSION 

Effects of environmental factors on butterfat production. The effect of 
month of calving on butterfat production (Table 1), as estimated by the fitting 
of a curvilinear regression, was not significant. The failure to be significant 
may have been due to the particular coding scheme used (January, 1; Feb- 
ruary, 2; . . . .  : Deeember, 12). The outcome does not necessarily 
imply that no effect whatever was exerted but only that the reduction in variance 
from fitting this particular regression was not significant. The literature, in 
general, suggests that cows calving in the fall and early winter months under 
temperate zone conditions vield more milk than those calving at other times of 
the year (14). 

The effect of previous calving interval on butterfat production (Table 1) was 
highly significant. The estimated gain of approximately 2 lb. butterfat for each 
additional month of calving interval is much less, however, than that reported 
by other workers (5, 16). The effect of length of lactation period on butterfat 
production was estimated as 1.0 lb. more of butterfat for each additional day a 
eow was milked (Table 1). The effect of both previous calving interval and 
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length of lactation period, although estimated as linear regressions, may have 
departed significantly from linear relationships at the extremes. For example, 
the regression of butterfat yield on number of days milked would be definitely 
curvilinear at the peak of lactation. 

The least squares analysis revealed a highly significant upward environmental 
trend of 6.5 lb. butterfat per cow per year (Table 1). This value (equal to 
162 lb. FCM) is much greater than the 53 lb. FCM reported by Dillon et al. (4). 
Bias due to selection and incomplete repeatability could have influenced this 
estimate of yearly environmental trend upward, providing the selection from lae- 
tation to lactation also was upward. The extent of such selection in the foundation 
groups is not known. In the first-cross and second-cross generations some selection 
did oecur from lactation to lactation (Table 8), but the direction of this selection 
was not upward in every instance. The existence of a yearly environmental trend 
in the population investigated was not surprising. One of the requirements of 
the program was that production records be kept, and it was not unreasonable 
to expect increases in production as a result of improvements in feeding and 
management after the herds were placed on D.H.I.A. test. 

Heritability and repeatability of butterfat production. Heritability of butter- 
fat yield was estimated as 0.39 + 0.11 (Table 2). This value is somewhat higher 
than a number of estimates from the literature. This may have resulted (a) from 
adjusting the individual lactation records not only for age and number of days 
milked but also for year of calving and previous calving interval and (b) from 
the fact that the Red Danish sires were rotated from herd to herd with the conse- 
quence that the intrasire regression of daughter on dam was not strictly intra- 
herd. The result from adjusting for the two additional environmental effects 
(year of calving and previous calving interval) should have been to decrease 
the size of the denominator in the heritability fraction and thus increase its 
numerical value. 

Repeatability of butterfat yield was estimated as 0.48 (Table 3). Inasmuch 
as the between-cow component included herd differences, the value 0.43 is a 
population estimate rather than intraherd. 

Repeatability of environmental factors. The repeatability of length of lae- 
tation period was estimated as 0.17. The repeatability of calving interval was 
estimated as 0.086. The latter is somewhat less than the value for calving interval 
of 0.133 found by Legates (12) and about half as great as the values of 0.184 
and 0.175 obtained by Rennie (16). 

Correlations among environmental factors. The simple intra-cow correlations 
among age at calving, previous calving intervai, and length of lactation period 
are shown in Table 4. A slight tendency of calving interval to increase with age 
was shown by the small but significant positive correlation of 0.068 between age 
at calving and calving interval. Other intracow correlations among these factors 
were numerically small and not statistically significant. 

Effects of the grading up program on butterfat production. The average 
adjusted butterfat production of each generation group is shown in Tables 5 
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TABLE 4 
Within-cow correlations* among age at calving, previous calving interval, 
and length of lactation period 











Previous Length 

calving of 

interval lactation 
Age at calving 0.07* 0.06 
Previous calving interval — 0.03 





* Significant at 5% probability level. 
“Based on 2,301 lactation reeords on 1,118 cows. 


and 6. The records used in these comparisons were adjusted for effects of age 
at calving, vear of calving, length of previous calving interval, and length of 
lactation period, as previously indicated in the discussion of procedure. It was 
assumed, in making comparisons among generations, that representatives of 
each generation had equal opportunity to be in each herd, and therefore that the 
possible bias from inclusion of herd differences in generation differences was 
minimized. Data from records on all cows (Table 7) showed a very highly signifi- 
cant increase (P < 0.001) from the foundation groups as a whole to the first- 
eross generation. The same was true for the Guernsey, Shorthorn, Brown Swiss, 
and mixed breed foundation groups, but not for the Jerseys. The gain from the 
Holstein foundation group to the first cross was significant (P < 0.05). No gain 
was apparent from first-cross to second-cross generations, but the increase from 
second to third cross was very highly significant (P < 0.001). 


TABLE 5 
Average butterfat production in foundation breed groups 








No. of No. of records Average 
Breed group cows per cow butterfat 
(1b.) 

Guernsey foundation: 

All cows 236 2.22 339 

Cows with daughters in first cross 107 2.68 359 
Holstein foundation: 

All cows 163 2.01 375 

Cows with daughters in first cross 67 2.58 384 
Shorthorn foundation: 

All cows 178 2.02 333 

Cows with daughters in first cross 65 2.35 34Q 
Jersey foundation: 

All cows 67 2.52 382 

Cows with daughters in first cross 3.29 382 
Brown Swiss foundation: 

All cows 32 2.50 365 

Cows with daughters in first cross 11 2.82 376 
Mixed breed foundation: 

All cows 125 1.79 349 

Cows with daughters in first cross 27 2.07 383 


351 





All foundation cows 
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TABLE 6 


Average butterfat production in successive crosses to Red Danish sires 








Generation No. of No. of records Average 
group cows per cow butterfat 
(1b.) 
First cross: 
All cows 703 2.22 379 
Cows with Guernsey dams 139 2.17 389 
Cows with Holstein dams 100 2.11 380 
Cows with Shorthorn dams 83 2.19 367 
Cows with Jersey dams 50 2.60 401 
Cows with Brown Swiss dams 13 2.46 358 
Cows with mixed breed dams 32 2.22 390 
Cows with daughters in second cross 333 3.19 378 
Second cross: 
All cows 411 99 377 
Cows with dams in first cross 308 2.03 378 
Third cross: 
All cows 123 1.60 389 





On a daughter-dam basis, very highly significant increases 


P < 0.001) oe- 


eurred from Guernsey, Shorthorn, and Jersey foundation groups to first cross, 


but no apparent change was evident from Holstein or mixed breed foundation 


groups to their daughters. The first-cross daughters of Brown Swiss foundation 
No change at all was evident 


dams showed a significant decrease (P < 0.02). 


from first- to seeond-eross generations. 

In general, the increases appeared to be large from foundation generations 
to first cross, virtually zero to second cross, and moderately small to third cross. 
The latter increase (from second to third cross) may be poorly estimated, since 


only 123 third-cross females were considered. 


TABLE 7 
Comparison of average butterfat production among generation groups 





Av. gain 


Standard error 





Generations compared or loss of difference 
(1b.) (1b.) 
Gross basis (over all cows) : 
All foundation vs. Ist cross 28 1.03 (P < 0.001) 
Guernsey vs. lst cross 40 1.48 (P< 0.001) 
Holstein vs. Ist cross 4 1.77 (P < 0.08) 
Shorthorn vs. Ist cross 46 1.70 (P < 0.001) 
Jersey vs. lst cross = @ 2.39 (P < 0.3) 
Brown Swiss vs. lst cross 14 3.38 (P< 0.001) 
Mixed breed vs. Ist cross 30 2.07 (P < 0.001) 
First cross vs. 2nd cross =—% 1.26 (P < 0.2) 
Second cross vs. 3rd cross 12 2.29 (P < 0.001) 
Daughter-dam basis: 

Guernsey vs. lst cross 30 2.43 (P < 0.001) 
Holstein vs. 1st cross a 3.01 (P < 0.2) 
Shorthorn vs. lst cross 21 3.22 (P < 0.001) 
Jersey vs. lst cross 19 3.95 (P < 0.001) 
Brown Swiss vs. Ist. cross —18 7.45 (P < 0.02) 
Mixed breed vs. 1st cross 7 §.22 (P< 0.2) 
First cross vs. 2nd cross 0 — 
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The large increases from foundation generations to first cross are comparable 
to those secured by Fohrman et al. (6) and may be due in part to heterosis. 
Although the first-cross generation was approximately intermediate in butter- 
fat production between the foundation groups and females in the Beltsville Red 
Danish herd, the failure of the second- and third-cross generations to continue 
the ascent in production at a comparable rate suggests that the first-cross group 
was higher in production than could be explained by intermediacy alone. 

The increases from foundation generation groups to first cross appear 
to be related to the level of production of the foundation dams. Note, for example, 
that a large increase occurred in the progeny of the relatively low-producing 
Guernsey foundation group, but virtually no inerease in the Holstein group 
(Tables 5, 6, 7). 

The above comparisons between successive generations were made by the use 
of lifetime averages on individual cows. A question arises concerning the effects 
of selection on the group averages. The extent of selection from lactation to 
lactation in the foundation groups is not known. If effective selection had been 
achieved prior to the beginning of the grading-up program, it is possible that 
succeeding phenotypic performances of the remaining foundation cows gave 
biased estimates of their additively genetic values. All first-cross individuals 
(as well as those of subsequent generations) were supposed to have been produc- 
tion tested in D.H.1.A. for at least one lactation; this was stipulated in the pro- 
gram that included use of the Red Danish sires. Thus no selection whatever 
should have done prior to completion of first lactations, and the selection in sub- 
sequent lactations (Table 8) should not have biased the group averages of these 
erossbred generations either upward or downward. This would follow because 


TABLE 8 
Selection from lactation to lactation 








Per cent Selection 
Lactation ceulled* differential” 
(1b.) 
First-cross 
generation: 

First 39 + 
Second 22 0 
Third 12 

Fourth 10 5 
Fifth 8 1 ‘ 
Sixth 3 0 
Seventh 4 10 
Eighth 1 0 

Second-cross 
generation: 

First 37 10 
Second 32 3 
Third 17 0 
Fourth 9 ~--§ 
Fifth 3 — 9 





* Percentages based on original number completing first lactation. 
> Difference between mean butterfat yield of cows retained for following lactation and 
mean of all cows completing current lactation. 
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the group averages are not simple averages of all individual lactation records 
but instead are averages of the individual lifetime averages of single cows. 

Effects of inbreeding on milk and butterfat production. A total of 317 inbred 
females were observed. All were second- and third-cross individuals, and they 
represented progeny of 35 sires. Milk and butterfat records of the 317 cows 
were adjusted to 305-day mature equivalents by use of the standard factors 
mentioned earlier (3,10). The intrasire regression of production on inbreeding 
was minus 23.1 lb. milk and minus 0.3 lb. butterfat for each 1% of inbreeding. 
These regression values are somewhat lower than those reported by Nelson and 
Lush (15) but more nearly agree with the results of Bartlett and Margolin (1). 
There was some evidence that the effect of inbreeding on butterfat production 
was not entirely consistent from sire to sire although herd differences may have 
added to the inconsisteney. It should be noted that the base for inbreeding was 
a population of several breeds and their crossbred progeny, rather than a single 
breed. 

Lethal defects revealed by inbreeding. Sixty-five calves in 27 herds were 
born with paralyzed hind quarters (2). Forty-two calves in 11 herds were dead 
at birth and showed ankylosis and mummification. Both defects have been re- 
ported in the Red Danish cattle in Denmark, and the paralyzed condition has 
been traced to certain bulls of the breed (17). 

Pedigree studies of the sires used in the grading up program revealed 21 
bulls to be heterozygous for the paralysis and 18 bulls heterozygous for the anky- 
losed condition. Chi-square tests of the observed and expected frequencies of 
normal and affected individuals suggested that each defect was due to a single 
autosomal recessive gene. It was estimated that 25% of the American Red Danish 
eattle were heterozygous for the paralyzed condition and 11‘ for the ankylosed 
condition. 

Calf mortality. Reeords available on the foundation groups showed that 
only 0.7 to 2.3% of the calves were dead at birth. In contrast, the values for the 
first-, seecond-, and third-cross generations were 3.7, 7.7, and 9.3%, respectively. 
A part of the apparent increase could have been due to greater completeness of 
records in the crosses as compared to the foundation generations. Another part 
of the increase could have been due to the ankylosis defect. However, the increase 
in ealf mortality began in the first-cross generation before inbreeding could have 
produced any homozygotes for this defect. Furthermore, the evidence of calf 
mortality did not increase with inbreeding. 

Sterility in cows. Three categories of sterility were considered, namely (a) no 
conception from four or more services, (b) complete lack of heat periods, and 
(ec) apparent conception followed by signs of heat three or more months later. 
In the foundation groups, only 13.1% were reported as being removed from the 
herd because of sterility of the above categories. However, 20.2% of the first- 
cross generation were removed for this reason, 25.8% of the second-cross gener- 
ation, and 28.2% of the third. The incidence of sterility did not appear to be 


related to inbreeding. 
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FACTORS INFLUENCING DEVELOPMENT OF RED DANISH CATTLE 


SUMMARY 


Genetic and environmental factors in the development of the American Red 
Danish cattle were investigated. The intrasire regression of production on in- 
breeding was — 23.1 lb. milk and — 0.3 lb. butterfat for each additional 1% 
of inbreeding. Two lethal defects, paralyzed hind quarters and ankylosis, ap- 
peared in the second cross to Red Danish sires. Calf mortality and cow sterility 
apparently increased with successive crosses. 

Heritability of butterfat production was estimated as 0.39 + 0.11, repeat- 
ability as 0.43. Average adjusted butterfat production in the foundation, first- 
cross, second-cross, and third-cross generations was 351, 379, 377, and 389 Ib., 
respectively. Butterfat yield did not vary significantly with month of calving 
but increased 2.0 lb. (P < 0.01) for each additional month of previous calving 
interval and increased 1.0 lb. (P < 0.01) for each additional day of lactation 
period. An upward environmental trend of 6.5 lb. butterfat per cow per year 
(P < 0.01) also was found. 
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STUDY OF SOME CHROMOGENS IN COW URINE! 


J. P. MIXNER, H. L. SAUNDERS, JRO ano J. E. JOHNSTON 


Vow Jersey Agricultural Experiment Station, Sussex 





Neutral ether extracts of the urine of both pregnant and nonpregnant 
lactating cows were examined spectrophotometrically. Certain similarities 
between the chromogens of cow urine and the 17-ketosteroids present in 
human urine were noted. The urinary excretion pattern of these chromo- 
gens displayed a distinct diurnal rhythm. Fditor. 











The original object of this study was to measure photometrically the level of 
17-ketosteroids in cow urine. In contrast to considerable work in this area in 
respect to humans (7°), there has been relatively little work done in respeet to 
dairy cattle. 

Marker (1/, 1/2) reported on the isolation of the following steroids from 
pregnant cow urine: pregnanediol-3(a)-20(a), allo-pregnanediol-3(a)-20(a), 
allo-pregnanediol-3(b)-20(a), alpha and beta equistanol, androsterone, and de- 
hydroisoandrosterone, only the latter two being 17-ketosteroids. 

Meschaks (7/4) investigated photometrically the so-called ‘‘neutral steroid 
fraction’’ of the urine of cows, using both the Zimmerman and Pincus reactions, 
which were designed to measure the 17-ketosteroids in human urine. Although 
definite color development was obtained with these reactions, the absorption 
curves did not correspond to those obtained with androsterone. 

Arrhenius (2) reported on the use of zine and HCl for the hydrolysis of cow 
urine prior to extraction for 17-ketosteroids but presented no data which were 
critical in establishing the steroid nature of the extracts. Nor did Rosenkrantz 
(20,21), who reported on techniques for the extraction, separation, and purifi- 
cation of both 17-ketosteroids and estrogens from both equine and bovine urines, 
present data which would prove the steroid nature of the fractions. 

Gassner et al. (5) isolated a fraction from the adrenal venous blood of cows 
which were administered ACTH intravenously. This fraction was androgenic by 
bioassay and gave the Zimmerman reaction for 17-ketosteroids. 
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Mixner (75) and Mixner and Saunders (16,77) in preliminary work re- 
ported on the extraction, separation, and spectrophotometric analysis of the so- 
called ‘‘neutral steroid’’ fractions of cow urine. Definite absorption spectra were 
obtained with the Zimmerman, Pineus, and Allen color reactions, but these spectra 
did not correspond to those obtained with the 17-ketosteroids. 

Holeombe (7) has reported on the assay of neutral steroids and reducing 
corticoids in cow urine. He studied cows in various reproductive states and found 
close correspondence between the relative quantities of the two types of *‘steroids’* 
present, but did not show the degree of specificity of the assay procedures. 

Holtz (10), working with extracts of cow urine similar to those used by 
Mesehaks (14), Mixner (15), and Holeombe (7), noted the presence of several 
ionone derivatives, which he identified as follows:  (2,3,6-trimethyl-benzol )- 
acetone, 5-hydroxy-cis-tetrahydro-ionone, and  5-oxo-cis-tetrahydro-ionol; the 
identity of other ionone derivatives was not definitely established. Some of these 
compounds when introduced into the Zimmerman reaction gave absorption curves 
similar to those reported by Mesehak (14) and Mixner (175). With the Pincus 
reagent the 5-hydroxy-cis-tetrahydro-ionone gave a blue violet color with an ab- 
sorption maximum at 550 mp, an absorption spectra previously reported by 
Meschaks (14) and Mixner (135) for urine extracts. Holtz also demonstrated with 
some certainty the following three 17-ketosteroids: dehydroisoandrosterone, 
etiocholanolone, and 11-hydroxyandrosterone. In comparison with ionone deriva- 
tives, they were present in very small quantities. Holtz suggested that the ionone 
compounds are carotenoid derivatives from animal feed that is rich in carotene. 

Holm and Firch (8) reported on the determination of 17-ketosteroids and 
17-hydroxycorticosteroids from cattle urine by the use of the mild acid and glu- 
euronidase hydrolysis procedures of Glenn and Nelson (6). 

This paper presents certain data relative to the hydrolysis, extraction, chro- 
matography, and color reactions of these urine chromogens of cow urine. 


METHODS AND MATERIALS 


Color reactions. Three color reactions were used in this study, the Zimmer- 
man reaction as modified by Holtorf and Koch (9), the Pincus reaction (18), 
and the Allen reaction (1). These reactions have been used for the assay of uri- 
nary 17-ketosteroids in the human. A Beckman Model B_ spectrophotometer 
was used for all photometric determinations. 

Extraction of urine. The chromogens, present in urine in the conjugated 
state, must be hydrolyzed before they can be extracted with lipid solvents. Acid 
hydrolysis and extraction methods similar to those described by Pineus (19) 
were used to prepare ‘‘neutral extracts.’’ In some instances B-glucuronidase 
of bacterial origin was used for hydrolyzing the urine before extraction. The 
Arrhenius (2) hydrolysis procedure (zine plus hydrochlorie acid) also was tried. 

Chromatographic separation. The method of Dingemanse et al. (4), as used 
for separating 17-ketosteroids by means of an alumina column and a benzene- 
ethyl alcohol elution system, was modified for separating these chromogens. 
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RESULTS 


Color reactions. Many neutral extracts of the urine of both pregnant and 
nonpregnant lactating cows were examined spectrophotometrically. The Zim- 
merman reaction absorption spectrum is characterized by high absorption of 
light in the near ultraviolet region (330 mp) with low absorption in the region 
of 700 mp (Figure 1). The 17-ketosteroids with this reaction have an absorption 
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Fig. 1. Absorption spectra obtained when Fig. 2. Absorption spectra obtained 
the Zimmerman, Pineus, and Allen color with 5-hydroxy-cis-tetrahydro-ionone (Pre- 
reactions are applied to neutral ether ex- log’s hydroxyketone G) using 5, 1, and 
traets of cow urine, 1 mg. respectively in the Zimmerman, 


Pineus, and Allen reactions. 
. 

When used with cow urine extracts the Pincus reaction has an absorption 
spectrum characterized by an absorption maximum at 540-550 mp and another 
in the near ultraviolet region (Figure 1), in contrast to an absorption maximum 
at 610 mp given by androsterone. 

The Allen reaction has been used as a diagnostic aid for adrenal cortical 
tumors in man where dehydroisoandrosterone is found in the urine in abnormally 
high quantities. With this 17-ketosteroid an absorption maximum is found at 
600 mp. The neutral extracts of cow urine gave absorption maxima at approxi- 
mately 370, 470. and 550 mp (Figure 1). Androsterone gives absorption maxima 
with the Allen reaction at 390, 470, and 540 mp (7). 
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A pure sample of 5-hydroxy-cis-tetrahydro-ionone (Prelog’s hydroxyketone 
G),* one of the two main fractions which Holtz (10) identified and separated from 
cow urine, was subjected to the three color reactions and gave absorption spectra 
(Figure 2) nearly identical to those already presented for extracts of cow urine 
(Figure 1). 

To determine to what extent the three color reactions were measuring the 
same chromogen ‘‘complex’’ in cow urines, extracts were prepared from urine 
samples from 22 pregnant and nonpregnant lactating cows. These urines were 
acid-hydrolyzed and a neutral ether extract was prepared. All reactions were 
run in duplicate. Five ml. of urine equivalent was used in the Zimmerman re- 
action (510 mz), 10 ml. in the Pineus reaction (550 mp), and 2 mi. in the Allen 
reaction (470 mz). Both reagent and urine blanks were used for color correction 
of the assay tubes. The following coefficients of correlation were calculated by the 
method of least squares (22) among the various estimates of chromogen concen- 
tration in which the optical density value was the unit datum: Zimmerman X 
Pineus, + 0.55; Zimmerman X Allen, + 0.78; and Pineus < Allen + 0.77, all 
highly significant statistically. 

Hydrolysis of urine. Acid hydrolytic procedures that had been applied to 
the 17-ketosteroids in human urine were found to be suitable for releasing the 
urinary chromogens. In a trial experiment the quantity of concentrated HCl 
per 100 ml. of urine was varied from 71% to 30 ml. and the time of boiling during 
hydrolysis from 714 to 30 minutes. When the results were compared, by using 
the three color reactions (Table 1), the optimal conditions for hydrolysis were 


TABLE 1 
Study of variabies associated with HCl hydrolysis of wrine 





Optical density units 











Zimmerman, 510 mu at Pineus, 540 mu at Allen, +70 mu at 
HCl 1-% 15 30 7-4 15 30 7-14 15 30 
(volume %) min. min. min. min. min. min. min. min. min. 
7-% 0.71 0.81 0.82 1.99 2.02 1.63 0.68 0.97 0.92 
15 0.85 0.87 0.86 1.93 1.80 1.24 1.14 1.04 0.85 
30 0.89 0.78 0.69 1.40 0.83 0.64 0.82 0.50 0.48 





found to employ 15 ml. of coneentrated HCl] per 100 ml. of urine in conjunction 
with a 10-minute boiling period. The use of zine in conjunction with hydrochloric 
acid (2) as a hydrolyzing agent also was tried. Although much clearer extracts 
were obtained by this method, the recovery of chromogen was much less. 

The use of B-glucuronidase of bacterial origin (optimal pH 6.5) as a hy- 
drolyzing agent also was investigated. After a study of some of the variables 
(enzyme unitage, length of hydrolysis at 37° C.) influencing the recovery of 
chromogens, the following procedure was found to be very satisfactory. 


* Obtained from Professor V. Prelog of the Laboratorium fur Organiche Chemie, Eidgenos- 
sische Technische Hochschule, Zurich, Switzerland. 





























CHROMOGENS IN COW URINE 


1. To 100 ml. of urine, add 200 ml. of 0.8 M KHoePO,, 100 ml. of 0.3 M 
NasHPO, .11H2O, and 25,000 units of bacterial B-glucuronidase® (final 
pH 6.5). 

°Sigma Chemical Company, Saint Louis. 

2. Incubate for 2 days at 37° C., then adjust pH to 3.0 with approximately 
30 ml. of 25% HCl. 

3. Extract immediately with 400 ml. of ether; centrifuge to reduce emulsion 
if necessary. 

4. Wash ether with 1 X — 100 ml. HO, 2 X — 100 ml. 15% NaeCOs, 3 X — 100 
ml. 10% NaOH, and 2 X 100 ml. H20. 

5. Control extraction for method blank is performed in the same way except 
for the substitution of water for the urine in the original step. Some 
chromogen development is exhibited by extracts of B-glucuronidase alone 
when assayed by the three color reactions. 

These enzymatic studies were carried out in a manner similar to those re- 
ported by Cohen (3) for human urinary corticosteroids, 17-ketosteroids, estro- 
gens, and pregnanediol. 

Extracts of cow urine prepared by enzyme hydrolysis gave absorption spectra 
almost identical to those prepared by acid hydrolysis when the three color 
reactions were applied. 

Ketonic, nonketonic separation of urine extracts. Ketoniec and nonketonie 
separations were performed on neutral ether extracts of pregnant cow urines by 
using Girard’s T reagent according to the method of Pineus (19). The greater 
part of the chromogen was recovered in the nonketonic fraction as measured 
by the three color reactions (Table 2). 


TABLE 2 
Distribution of chromogens in ketonic, nonketonic separation of 
neutral ether extract of pregnant cow urine 




















Total 
chromogen 
ae? recovered Distribution of 
Potal in ketonic recovered ¢zromogen 
chromogen and non- 
Wave in original ketonic Ketonie Nonketonie 
Reaction length extract fractions fraction fraction 
(mp) (% (%) (%) (%) 
Zimmerman 510 100 60.6 28.4 71.6 
Pineus 550 100 66.7 35.7 64.3 


Allen 470 190 73.8 33.1 76.9 








Chromatographic separation of chromogens. The method of Dingemanse (4), 
which utilizes flowing column chromatography with alumina as the adsorbent and 
benzene and ethanol as eluting agents, was modified for separating the chromogen 
‘complex ’’ into some of its constituents. The procedure as finally developed con- 


— 


alumina in a chromatographic tube (18 mm. [.D.). 
500 ml. of urine was taken up in 50 ml. of benzene. 


sisted of placing 12.5 g. of 
Urine extract equivalent to 
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The column was wet with benzene and the urine extraet was added. This becomes 
fraction number 1. Elution of the column was as follows: 


Fraction No. Eluants 

1 extract in 50 ml. benzene 

2- 5 4 X — 50 ml. benzene 

6-15 10 X — 50 ml. of 0.1°7 ethanol in benzene 
16 — 25 10 X — 50 ml. of 0.5'% ethanol in benzene 
26 - 31 6 X — 50 ml. of 1.0% ethanol in benzene 
32 — 34 } X — 50 ml. of 100% ethanol 
35 — 36 2 X — 50 ml. 50%, acetic acid in ethanol 


The chromogen distribution among the various eluates was nearly identical 
as measured by the three color reactions, and accordingly only a plot of the Allen 
reaction data is presented (Figure 3). From this plot, evidence for the presence 
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Fig. 3. Chromatographie separation of chromogen complex of neutral ether extract of cow 
urine with alumina as adsorbent and ethanol, benzene, and acetie acid as eluants. 


of six different chromogens is seen, peak fractions being 1, 11, 17, 27. 32, and 35. 
Extracts of urine prepared by either acid or enzyme hydrolysis gave similar 
chromogen distribution on the chromatographie column. 

Diurnal rhythm of chromogen excretion. Three lactating cows (two Holsteins 
and one Guernsey) were used to study possible diurnal variation in chromogen 
excretion over a 4-day period with 8-hour periods of urine collection (Table 3 
Creatinine was also followed as a reference substance. The Allen reaction 


(470 mz) was used for chromogen determination and the results are expressed 
as per cent of total daily output. From the table it will be seen that the period 
from 8 A.M. to 4 p.m. is that of peak chromogen and creatinine excretion, but the 
low period for chromogen exeretion (12 P.M. to 8 A.M.) is not the low period for 
creatinine excretion (4 p.m. to 12 P.M.). 
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TABLE 3 
The diurnal rhythm of excretion of urine chromogens and creatinine as a mean of 4 days 




















Creatinine Creatinine 
Chromogen Chromogen 
Period (% of total) (g.) (% of total) (% of total)  (q.) (% of total) 

H677 H678 
12 p.m.—8 A.M. 25.07 4.22 37.00 23.04 3.83 34.68 
8 A.M.—4 P.M. 45.06 3.89 34.14 48.76 4.42 40.01 
4 p.M.—12 P.M. 29.87 3.29 28.86 28.20 2.80 25.31 
Total 100.00 11.39 100.00 100.00 11.05 100.00 

G830 Means 
12 p.M.—8 A.M. 22.13 3.61 37.25 23.52 3.89 36.28 
S A.M.—4 P.M. 48.34 3.51 36.24 47.27 3.94 36.79 
4 P.M.—l12 P.M. 29.53 2.57 26.51 29.21 2.88 26.93 
Total 100.0 9.69 100.00 100.00 10.71 100.00 

DISCUSSION 


It is remarkable that in cow urine a group of closely related chromogens is 
found which parallel in so many respects the 17-ketosteroids present in human 
urine, a fact that leads to confusion in the various studies with cow urine. Ac- 
cording to Holtz (10) these chromogens are ionone derivatives, originating from 
carotenoids of dietary origin and presumably having no endocrine significance. 
Points of similarity between the two classes of substances are reflected in their 
place of occurrence, solubilities, conjugated state, methods adequate for hy- 
drolysis, methods of purification and extraction, chromatographic behavior and 
color reactions. 

It would seem that the work of most investigators (2,5, 7,8, 14-17, 20, 21) 
in studying the problem of 17-ketosteroids or neutral steroids in cattle urine has 
been confounded by the presence of these ionone chromogens. These ionone 
derivatives are present in cow’s urine in relatively large quantities, and any ade- 
quate measurements of 17-ketosteroids im cattle urine must take specific account 


of these chromogens. 


SUMMARY 


Cow urine contains a group of chromogens which are apparently ioyone 
derivatives of carotenoids of dietary origin. They are present in the conjugated 
state and may be hydrolyzed by either acids or B-glucuronidase. They are ex- 
tractable with lipid solvents after hydrolysis. Specific absorption spectra were 
obtained with these chromogens by the use of the Zimmerman, Pincus, and Allen 
color reactions, but in each instance they differed from spectra obtained with 
17-ketosteroids. These chromogens number at least six and react similarly to 
17-ketosteroids on an alumina chromatographic column (benzene-ethanol system). 
The urinary excretion pattern of these chromogens displays a distinet diurnal 
rhythm. Studies to date on the measurement of 17-ketosteroids in cow urine have 
been confounded by the presence of these chromogens. 
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Volatile fatty acids are the end products of the hydrolysis of complex 
carbohydrates produced by the bacterial population in the rumen. Nine 
cows were used in a feeding experiment to determine the influence of the 
amount of protein in the ration of a ruminant upon the level of volatile 
fatty acids formed. Experimental periods were 21 days in length. In- 
creased amounts of volatile fatty acids except “higher acids” were observed 
as a result of high levels of protein intake. Fditor. 











The importance of volatile fatty acids in the nutrition of the ruminant has 
been thoroughly discussed (3, 6). It has been recognized for some time that 
these acids are the end products of the hydrolysis of cellulose and other complex 
carbohydrates in ruminant rations by enzymes produced by the bacterial popu- 
lation in the rumen. Recently, Annison (1) and El-Shazly (4) have reported 
that the level of rumen volatile acids was increased when a purified source of 
protein was added to the ration. Similar reports from Gray et al. (5) and Chal- 
mers and Synge (2) indicate that protein in purified rations may be a source 
of volatile fatty acids in the rumen. Lewis (9) has noted the production of 
volatile fatty acids from amino acids supplied to rumen microorganisms. In 
vitro studies by Sirotnak and coworkers (12) have indicated that rumen bacteria 
attack the amino acids, glutamic, aspartic, serine, arginine, cystine, and cysteine, 
with the resultant formation of volatile fatty acids. 

The chemical reactions involved are poorly understood. There is a possibility 
that the Stickland (14) reaction is the basis for the formation of some of these 
acids, although Lewis (9) could not demonstrate this except in one case. They 
may also arise from the deamination of such amino acids as glycine, alanine, and 
aspartic. ; 

It was deemed advisable to determine whether the amount of protein con- 
tained in a conventional ration for ruminants would influence the levels of 
volatile fatty acids present in the rumen. The following study was undertaken 
with this principal objective. 
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EXPERIMENTAL PROCEDURE 


Nine cows in late lactation, representing the Holstein, Guernsey, and Jersey 
breeds, were assigned to three replicates of a 3 X 3 Latin square. A basal ration 
of 1 lb. of U. S. No. 2 timothy hay and 11% Ib. of well eared, good quality corn 
silage per each 100 lb. of body weight was fed each animal. Experimental treat- 
ments consisted of feeding 1 lb. per each 100 lb. of body weight of : (a) corn and 
cob meal (low protein), (6) a mixture of equal parts of soybean oil meal and 
corn and cob meal (medium protein) and (c) soybean oil meal (high protein). 
These treatments were calculated to supply: (a) approximately the minimum 
allowance of digestible protein recommended by Morrison’s standards (9), (6) 
twice the allowance and (c) four times this amount. The chemical composition 


of all feeds used is reported in Table 1. 


TABLE 1 
Chemical composition of feeds used in studying the effect of protein 
on volatile fatty acids in the rumen 














Crude Crude Crude 
Feeds Water fat fiber protein Ash NFE 
ani = (o% 
U.S. No. 2 timothy hay 6.7 1.9 $4.5 5.0 3.7 47.3 
Well cured corn silage 732 0.8 7.1 2.4 L.3 15.2 
Corn and cob meal 8.6 3.0 8.2 9.2 1.0 69.1 





Soybean oil meal 9S 2.0 6.8 44.0 5.4 32.0 

Experimental periods were 21 days in length. Samples of rumen contents 
were obtained orally 4 hours after feeding on the 12th, 13th, and 14th days of 
each period as well as on the 19th, 20th, and 21st days. The pH of each sample 
was determined immediately after drawing. The sample was then strained 
through cheesecloth, and an aliquot was preserved for storage by adding 214%, 
by volume, of a saturated solution of mercuric chloride. Samples were stored at 
5° C. previous to analysis. 

The amounts of acetic, propionic, butyric, and valerie acids, and a mixture 
of longer chain acids, referred to as ‘‘higher acids,’’ present in each sample 
were determined by the method reported by Keeney (8). 

Data were subjected to statistical analysis according to the methods reported 
by Snedecor (13). Tests of significant differences between means were made by 
the teehnique of Scheffe (77). 


RESULTS AND DISCUSSION 


The average amounts and proportions of volatile fatty acids found in the 
rumen liquid of cows fed three levels of protein are shown in Table 2. 
Differences in the amount of acetic acid present were not statistically signifi- 


cant ; however, a trend toward somewhat more acetic acid with the high protein 
rations was noted. The proportion of the total volatile fatty acids, represented 
by acetic acid, was decreased with increasing levels of protein in the ration. 
Differences between the three rations were significant at P = < 0.01. 
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The total amounts of propionic acid also were increased in the presence of 
extra protein with differences between the three rations significant at P = < 0.01. 
[It is interesting to note that the proportion of propionic acid remained essen- 
tially the same for all three treatments. 

Butyrie acid levels were increased significantly (P = < 0.01) with both the 
medium and high protein rations as compared to low protein feeding. Differ- 
ences between the medium and high protein rations were not statistically signifi- 
cant, but the data indicate somewhat larger amounts from the high protein 
ration. In contrast to the changes noted among the proportions of acetic acid, 
the relative amounts of butyric acid present were increased by high protein 
feeding. Differences between the two higher levels were not statistically signifi- 
eant, but both of these were significantly higher than the percentage observed 
for the low protein ration (P = < 0.01). 

Statistically significant increases in the quantities of valerie acid present were 
observed for each change in protein intake (P = < 0.01). Differences in per- 
centage of valerie acid were not statistically significant. 

‘*Higher acids’’ were found to decline slightly in total amount as the level 
of protein intake increased. However, these differences were not statistically 
significant. The percentages of ‘‘higher acids’’ present with the medium and 
high protein rations were significantly less than that present on the low protein 
ration (P = < 0.01). 

There was a definite increase in the total volatile fatty acids present in the 
rumen fluid in response to each increase in protein feeding (P = < 0.05). All 
of the acids studied were present in greater amounts after 13 days of feeding 
the high protein ration than at other times. The reason for this is not readily 
apparent. 

It is difficult to estimate how closely the observed values reflect changes in 
actual production of the volatile fatty acids. Variations in the rate of absorp- 
tion of these materials from the rumen under different conditions may tend to 
mask some of the differences which occur. However, it appears that the presence 
of additional protein in the ration caused an increase in the total amounts and 
a change in the proportion of certain of the volatile acids present in the rumen. 
From the work previously cited (1, 2, 4, 5, 8) it seems reasonable to assume that 
the protein may have served as a source of at least part of these acids. 

Data from samples collected after 13 days of preliminary feeding showed 
considerably more variation among animals and among sampling days than 
that collected at 20 days. This fact is well demonstrated by the difference in 
size of the standard error of the mean obtained for the two periods. There were 
statistically significant differences (P = < 0.05) among the values observed for 
acetic, butyric, and ‘‘higher’’ acids after both 13 days and 20 days of feeding. 
The presence of considerably larger amounts of all fractions of volatile fatty 
acids after the feeding of the high protein for 13 days as compared to feeding 
for 20 days is striking. Whether or not this is due to changes in the rate of 
production of these acids or is accounted for by differing rates of metabolism 
or absorption cannot be determined at this time. 
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Comparisons of samples obtained on single days with the averages of samples 
taken on two and three days showed significant differences between these values 
(P= < 0.01) when obtained after 13 days of preliminary feeding. Similar com- 
parisons made after 20 days of preliminary feeding indicated no statistical 
(differences. It would appear, under the conditions of this experiment, that 
adjustment of the digestive tract to changes in the ration was not complete at 
13 days and that a preliminary period longer than 2 weeks should be employed 
to assure the most accurate observations. Whether preliminary periods of more 
than 20 days may be necessary in some experiments cannot be established from 
this experiment. Jacobson (7) has reported biochemical changes continuing to 
oecur in the rumen for several weeks after a change in the ration. 


SUMMARY 


Nine lactating cows were fed three levels of protein in a change-over design 
experiment. Samples of rumen liquor were obtained on three consecutive days, 
centered on 13 and 20 days of feeding each ration. 

Increased amounts of all volatile fatty acids except ‘‘higher acids’’ were 
observed as a result of high levels of protein intake. Increasing the protein 
allowance caused a decrease in the percentage of acetic acid and ‘“‘higher acids”’ 
and an increase in the percentage of butyric acid present in the total volatile 
fatty acids in the rumen. 

Comparison of the data obtained after 13 days and 20 days of preliminary 
feeding indicated that adjustments within the rumen to changes in the ration 
were not complete after 2 weeks on a new ration. 
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Thirty-six Holsteins were divided into high, medium, and low producing 
groups in order to evaluate their efficiency for milk production. It was 
found, regardless of the ratio of concentrates to hay fed, that the inherent 
ability of cows to produce milk was more significant than the intensity of 
feeding. Hditor. 











There are many reports in the literature related to the nutrition, physiological 
response, and milk production of dairy cows fed various levels and combinations 
of roughages and concentrates. Mead and Goss (9) have studied ruminant di- 
gestion without roughage, whereas Sherwood and Dean (14) have employed 
alfalfa as the sole feed of dairy cattle over successive lactations. Huffman (4) 
has reviewed the effects of roughage quality and quantity in the dairy ration. 
The study reported by Martin et al. (8), was designed to determine whether vary- 
ing the rate of hay feeding within normal limits while maintaining a constant 
TDN intake affected the level of production or the well-being of dairy cows. 

The experiment reported herein was designed to evaluate the relationships 
among and the effects upon milk production of: hay to concentrate ratio, pro- 
ducing ability of the cow, level of feeding, and changes in body weight. Other 
phases of the study, which include a digestion experiment, the excretion pattern 
of chromic oxide, evaluation of feeding standards, and evaluation of certain eco- 
nomic aspects, will be reported subsequently. 


EXPERIMENTAL PROCEDURE 


Design of experiment. Thirty-six Holstein cows from the lowa State College 
herd entered the experiment from March, 1953, to September, 1954. The experi- 
ment consisted of a 14-day adjustment period, a 50-day preliminary period, and a 
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182-day experimental period. During the adjustment period, which began at 
calving, each cow was placed in a stanchion or box stall and was fed a ration with 
a fixed hay:concentrate ratio (7 lb.:4 lb.) which was maintained throughout 
the preliminary period. The amounts of the feeds were increased within this con- 
stant hay: concentrate ratio to permit each animal to express its consumption 
capacity and productive ability. The production in the preliminary period was 
extrapolated to an 8-month lactation, and the production range of the Lowa State 
College Holstein herd provided the criterion for assigning the experimental 
animals to high, medium, and low producing groups. Throughout this work, the 
term ‘‘ability’’ is defined by and limited to that level of production, within a 
single lactation, attained over the preliminary period. The production ability 
ranges in term of fat-corrected milk (FCM) were ‘‘high’’—10.500 Ib. and above, 
‘*medium *’—9,000 to 10,500 Ib.. and ‘‘low’’—?,000 Ib. and below. 


TABLE 1 
The experimental design 





7 Hay to concentrate ratio 
Level of _ 














feeding Ability H-75:C-25 H-55:C—45 H-35:C—-65 H-15:C-85 
(Cow No.) 
High 2558 3157 2710 2982 
High Medium 2392 2649 3529 2976 
Low 3632 32638 3160 3538 
High 3266 2600 2378 3142 
Medium Medium 3460 3444 2648 3493 
Low 3440 3597 3432 3516 
High 3272 3291 2963 3174 
Low Medium 3450 3483 3128 2606 
Low 3302 3294 3439 2159 





The experimental design is shown in Table 1. Each of the four hay : coneen- 
trate energy ratios (75:25, 55:45, 35:65, and 15:85) was fed at a high, a 
medium, and a low level. One cow of high, one of medium, and one of low 
produeing ability were randomly allotted to each of the 12 ‘‘hay: concentrate- 
feeding level’’ groups. 

The arbitrary feeding levels were based upon the quantities of feed energy 
above body maintenance requirements necessary to produce 13,000, 11,000, and 
9,000 Ib. of FCM in a 243-day lactation period. Morrison’s (170) higher net-energy 
allowances for maintenance and for the production of FCM were utilized in de- 
termining the energy required at each feeding level. The energy requirement for 
maintenance of each cow was determined from the average of the body weight 
measurements taken during the two pre-experimental periods. The feed energy 
required for milk production by each cow during the experimental period was 
computed and divided into 26 decreasing weekly portions according to the lacta- 
tion eurve of the College Holstein herd. Individual energy allowance for mainte- 
nance was held constant over this period. 

Feeding and management. The concentrate mixture had the following compo- 
sition in pounds: ground vellow corn, 400; crushed oats, 500; wheat bran, 200: 
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soybean oil meal, 200; linseed oil meal, 100; steamed bonemeal, 28; and salt, 14. 
ive grams of a trace mineral mixture were added daily to the concentrate 
allowance of each cow. Second-cutting alfalfa hay was the primary roughage 
fed. Aliquots of concentrates and of hay fed each day were composited and were 
analyzed periodically. The concentrate mixture had an average analysis in per 
cent of : fiber, 7.5; protein, 17.1; ether extract, 2.5; ash, 5.6; nitrogen-free extract, 
55.2; and moisture, 12.0. For hay the average percentage values were : fiber, 28.0; 
protein, 13.7; ether extract, 1.5; ash, 6.7; nitrogen-free extract, 39.3; and mois- 
ture, 10.9. All feeding was based upon the estimated net energy (ENE) standard 
and the energy values of the feeds were calculated from the proximate feed 
analyses, applying digestibility coefficients taken from Morrison (10). Because 
of the nature and amounts of rations employed, concentrates were fed four times 
daily, as was hay when offered in amounts above 20 Ib. 

Throughout the entire experiment body weights were taken at 4-day intervals, 
milk weights were recorded at each milking (twice daily), and milk-fat analyses 
were obtained weekly. Milk production data were converted to FCM values. 
The experimental period was concluded 8 months postpartum at which time 
each cow was returned to normal herd ration and management. FCM data for 
the post-experimental period were caleulated from daily milk weights and monthly 
milk-fat analyses until the cows were dry or had lactated 4 months. 

The following model for analysis of variance was used extensively in this 
work: 


Souree of variance d/f 





Ration (hay: coneentrate ratio) 3 
Level (feeding level) 2 
Ability (prelim. period produetion ) g 


Ration * level (R X L) 6 
Ration * ability (R xX A) 6 
Ability < level (A < L) + 
Remainder 1g 





The remainder was used for tests of significance. 


RESULTS 

Feed input and milk production. The distinet distribution of the high, 
medium, and low ability cows in each hay: concentrate-feeding level group as 
based on preliminary period productivity was implemented, with minor excep- 
tions. However, there was some overlapping in productivity among the groups. 
For example, a high ability cow in one group may have had a production level 
equivalent to that of a medium ability cow in another group. The fixed ratio of 
hay :econcentrate feeding of 7 lb.:4 lb. (1.75:1), established for the preliminary 
period, was closely approached, since the mean ratio for all cows was 1.67:1. 

The chief difficulties encountered during the experimental period were 
(a) inability of those cows placed at high feeding, high hay levels to consume the 
allotted energy, (b) oceasional digestive disturbances among cows on the high 
concentrate ratios, and (¢c) the strong and regular depression of the higher levels 
of hay consumption by environmental temperatures of 80° F. and above. 
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Figure 1 presents milk production, energy input (in therms) above mainte- 
nance and weight changes over the preliminary and experimental periods. In this 
and the similar graphs which follow, each pound of FCM is sealed in terms of 
its energy content (0.3 therm) so that the graphs for FCM and feed input are 
directly comparable. These data indicated that, across the four hay : concentrate 
ratios, milk production closely followed the ENE inputs of feed above maintenance 
requirements. The depressed milk production and feed input curves of the cows 
at the 75:25 (hay:concentrate) ratio over the experimental period indicated 
their inability to consume the required energy largely in the form of hay. 

The nine cows fed the highest concentrate rations consistently produced 
more milk than the groups at the 55:45 and 35:65 (hay:concentrate) ratios. 
However, the total energy inputs above maintenance for the three groups of 
nine cows each at the 55:45, 35:65, and 15:85 ratios were, respectively, 20,808, 
21,280, and 21,874 therms. The increased milk production at the highest coneen- 
trate ratio was not explained entirely by the differences in the input of therms, 


and further explanation was sought from data in the preliminary period. 
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The analysis of variance of milk production in the preliminary period re- 
vealed that not only was the portion of variability due to ability very high (it 
was on this basis that the animals were grouped) but the variance among ration 
groups was statistically significant (P = 0.05). This is seen in Figure 1 from the 
milk production curves of the preliminary period where the 15:85 (hay : concen- 
trate) ration curve is considerably higher than those of the other three groups. 
The totals of milk production of the four groups of cows, from the high to the 
low hay feeding ratios, were, respectively, 21,622 ; 22,656 ; 21,193, and 24,251 Ib. 
during the preliminary period. 

The milk production in the experimental period was adjusted by covariance 
for the differences in production in the preliminary period. Before the adjust- 
ment, the average milk production from the high hay to the low hay rations were, 
respectively, 5,482 ; 6,494 ; 6,322, and 6,936 lb. The means adjusted for the differ- 
ences in the production during the preliminary period were, respectively, 5,570; 
6,469 ; 6,456, and 6.737 lb. The level of production in the preliminary period was 
related to the level of production in the subsequent experimental period. The 
correlation between production in the preliminary period of each cow with that 
in the experimental period, regardless of the ration and the level of feeding to 
which the cow was allotted, was 0.63. When ability (A) and its interaction terms 
in the analysis of variance model (A X R, A X L, R X L X A) were considered 
alone, the correlation rose to 0.90. This indicated that the establishment of con- 
ditions before and during early lactation appeared to influence the course 
of subsequent production, regardless of the treatment to which the animal was 
subjected. 

Body weight changes. Mean weight changes during the experimental period 
varied among ration groups (Figure 1). Animals at the highest concentrate level 
(which produced the most milk) showed the greatest weight losses. Thus differ- 
ences in experimental period production among ration groups may be attribut- 
able in part to differences in weight changes. Apparently there was a greater 
stimulus for milk production among certain groups even though weight loss was 
necessary to accomplish the increased production. 

The largest and most rapid changes in body weight, actual flesh and/or body 
fill, took place over the first 4 to 5 weeks of the experimental period. After this 
early phase of the experimental period the cows maintained body weight or 
changed at a slow and rather uniform rate. . 


The total changes over the entire experimental period and the changes from 
the end of the initial 4 weeks of the experimental period to its conclusion were 
analyzed statistically. When the entire experimental period was considered, the 
effects of ration, feeding level, and ability upon body weight changes either ap- 
proached statistical significance or were significant at P = 0.05. When the last 
22 weeks were considered, these effects were reduced. The residual component 
of variance increased from 50% of the total variance in the first case to 74% 
in the second and from the first to the second case, the components for ration, 
feeding level, and ability decreased (Table 2). Thus, body weight changes after 
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the first + to 5 weeks of the experimental period were largely independent of the 
ration fed, the level of feeding, and the ability of the animals. 

The relationships among feeding level, producing ability, and milk production. 
Ditferences in the arbitrary levels of feeding apparently were not sufficiently 
extreme to overcome the productive ability classification of the cows based upon 


the preliminary period. Figure 2 illustrates the tendency of the animals, though 
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Fig. 2. 
cows at each of the three feeding levels. 
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fed at different levels, to move toward a general milk output level whereas weight 
changes in either direction remained relatively small. Many cows of high pro- 
ducing ability placed at the low and medium levels of feeding were able to pro- 
duce milk at levels equal to those of the cows at medium and high levels of feeding. 
Figure 3 presents this phenomenon as it was observed among the cows at the 
lowest feeding level. Although similar feed inputs in therms were maintained 
at the low feeding level for four cows each of high, medium, and low producing 
ability across the four hay:concentrate ratios, the milk production became 
sharply separated on the basis of ability. These differences in production re- 
mained distinct after largest weight changes had ceased and a relative stabiliza- 
tion of weight had been achieved. 

When the consumption of ENE available for milk production was considered, 
the tests for the effects of the ration (R) and the level of feeding (l.) were sta- 
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Fig. 3. Effect of producing ability on milk production and on weight changes of cows at 
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tistically significant (P = 0.01). The differences in the effects of the ration were 
caused by the inability of the cows to consume equally well the required energy 
over the four hay: concentrate ratios. The differences in the effect of the feeding 
level were consistent with the three levels within the experimental design. 

When milk production for the experimental! period was considered, the effects 
of the differences in feeding levels were not significant. On the other hand, the 
effects of the ration (R) and ability (A) of the cows upon milk production 
were statistically significant (P = 0.01). The component of variance (Table 2 
for the level of feeding (L) was 55% when ENE available for production was 
considered, whereas it was reduced to 2% when milk production was considered. 
The opposite result was obtained with the component for ability (A), which 
rose from but 2% in the first case to 31% in the second. The average produc- 
tion per cow based on the high, medium, and low feeding levels were, respec- 
tively, 6,453, 6,453, and 6,021 lb., whereas those based on high, medium, and 
low ability were, respectively, 6,844, 6,431, and 5,651. 

Post-experimental period. Data were collected during this period to deter- 
mine whether the differences in the preliminary period production would be 
reflected in an advanced stage of lactation at the conclusion of the experimental 
period when the cows were returned to full feed and normal herd management. 
Feed consumption data were not obtained; hence, the data are not critical in 
nature but are presented for the appearance of trends. 
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Fig. 4. Post-experimental production and persistency (absolute rank based on preliminary 
period production). 

















EFFECTS OF VARIOUS HAY-CONCENTRATE RATIOS 89 


In the experimental design it was not possible to insure that each animal 
in a particular ability group had a higher preliminary production than each 
animal in a lower ability group. As a result, a certain amount of overlapping 
occurred among the ability levels. To eliminate this effect, the results in Figure 4 
represent the cows as grouped into three absolute ability groups of 12 cows 
each, ranked from the highest to the lowest on the basis of preliminary period 
production. The results for each month are classified vertically into three seg- 
ments: average pounds FCM per cow per day, total number of days milked, 
and the number of remaining cows. When the units of data are combined, the 
histograms show that the high cow group, based on the classification described 
above, produced milk at a higher level, over a greater total number of days 
and retained more cows for a longer period of time than did either the medium 
or low cow groups. Over this entire period with the cows classified as described, 
the total milk production for high, medium, and low cow groups were, respec- 
tively, 22,870, 16,488, and 15,570 lb. These data indicated the trend for the 
higher producers in the preliminary period to be more productive and _per- 
sistent at the later stages of lactation. 


DISCUSSION 


Ability, as defined in this work, appeared to have been the major factor 
influencing the results obtained. How high ability cows produced more milk 
than medium ability cows receiving approximately equal amounts of feed 
energy above maintenance (Figure 3) is not clear. To illustrate, data for seven 
pairs of cows fairly comparable in body weight, age, type of stall, and time 
on experiment were tabulated (Table 3). These data encompassed the last 22 
weeks of the experimental period, during which the cows were well adjusted 
to the various rations and their body weights were relatively stable. On an 
individual pair or an averaged pair basis, the large differences in milk produc- 
tion were not entirely explained by differences in feed input above maintenance 
(in this case calculated on the basis of the average weight over the experimental 
period), body weight changes, and dry matter digestibilities. (The digestibility 
data will be considered extensively in a subsequent paper.) When these data 
were summarized and expressed on an individual cow basis, the high ability 
as compared to the medium ability cow consumed 53 more therms, lost 16 lb. 
more, and was 34 lb. heavier in body weight. The average dry matter digesti- 
bility of the rations was higher for the medium ability cows. When these 
differences were converted to a milk equivalent basis, they represented a total 
of 440 Ib. of FCM, whereas the average difference in production was 814 Ib. 
The remaining 374 Ib. milk per cow apparently were not associated with the 
measurements made in this work. 

A few high and medium cow pairs in Table 3 deserve individual considera- 
tion. On equal feed inputs above maintenance cow 3174 produced 909 lb. more 
milk, lost 60 Ib. less weight and had a slightly lower digestibility than did cow 
2606. Even with the small difference in average body weight in favor of cow 
3174 removed. the large remaining difference remained unexplained. Not so 
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radical but similar results were obtained with the high cow 2982, which out- 
produced the medium cow 2976 by 712 lb. The high cow 3266, on experiment 
from June to December, produced 388 lb. more milk and consumed less feed 
than did the medium cow 3469, on experiment from November to May. After 
the body gain of 3469 was equated with this difference in milk production, the 
lower intake of therms by cow 3266 still indicated her ability to produce more 
milk on a fixed dietary regime than cow 3469, despite the handicaps of smaller 
body size and the strongly depressive effect of hot weather upon high hay con- 
sumption. The data presented for the high hay ration offered to high cow 3272, 
on experiment over a summer season, and to the medium cow 3450, on experi- 
ment during the winter and spring, should also be considered in this light. 
Besides these individual pair comparisons, all the high ability cows considered 
here responded with greater daily milk production (32.4 Ib.) during the first 
month post-experiment than the medium cows (23.1 Ib.). 

As this experiment was not designed to secure the many physical measure- 
ments needed to explain the unanticipated results, their partial clarification was 
sought from the following considerations: changes in the solids-not-fat (SNF), 
compensatory changes in maintenance requirements, and genetic effects. 

Riddet et al. (11, 12) and Lutz (6) have shown that underfeeding of lactat- 
ing cows caused a decline in the SNE content of the milk from 0.3 to 0.6%, 
which involved mainly the total protein fraction. These findings can be applied 
to the cows at the low level of feeding in the present study. It seemed reasonable 
that such a condition would be operative upon both the high and medium ability 
cows at the low level of feeding and would cause a similar degree of depression 
with both. However, if the depression of the SNF content occurred only with 
the high ability cows then part of the apparent production differences could be 
explained. Depression in the SNF content cannot explain the observed differ- 
ences in the well fed animals, unless there was a definite depressive effect of 
ability upon the SNF content of the milk. Bonnier e¢ al. (2) in their work with 
monozygous twin cattle have found that, in the estimation of the influence of 
heredity (ability) and environment (feeding level) upon the percentage of fat, 
protein, and lactose in milk, heredity played a much more prominent role than 
‘lid differences in feeding intensity. 

Ritzman and Benedict (13) reported that the individual and the breed were 
more important than character of the feed in determining the amount of energy 
required for maintenance. Blaxter (7) reported a variation of +15 to*25% 
among cows in net energy requirements for maintenance. Superficially, it would 
appear that this provides an answer to the observed differences in production. 
However Washburn et al. (15) proposed that there should be an incidental higher 
heat production during lactation as a result of: (@) a greater nutrient turnover, 
(b) an inereased level of endocrine activity, and (c) a higher maintenance cost 
of the hypertrophied mammary gland and associated organs. His studies showed 
that heat production in the nonfasting animal is related to milk production. 
Thus a high ability cow, producing at a high rate, should not have a greater 
economy of maintenance and associated requirements than the lower producing 


medium ability cow. 
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Bonnier et al. (2) have provided parallel evidence to support the contention 
that the genetic effect (ability) offered the most plausible, but by no means a 
complete, explanation of the results observed in the present work. In their 
growth and lactation studies with monozygous cattle twins (2). one twin of 
each pair was fed at a low level and the other at a high level. It was observed 
that genetic effect usually outweighed the effects of differences in feeding inten- 
sity, even when these differences were large. This is an accord with the results 
of the present investigation. The physiological factors involved, however, are 
not clear, and further work undoubtedly will be required before the numerous 
factors in the milk production—ability complex can be unravelled. Milk yield 
responses, similar to those in this research, which have not received full ex- 
planation despite the measurement of a greater number of factors influencing 
production, have been reported recently by Brumby and Hancock (3). These 
workers found that the subcutaneous injection of growth hormone to lactating 
identical-twin cattle induced a marked increase in milk and butterfat produce- 
tion concomitant with an apparent increase in the efficiency of production in 
the treated as compared to the controls. The authors offer the explanation that 
these results may be due to the known ability of growth hormone to enhance 
fat catabolism and protein production. In the present study a similar tissue 
change may have occurred in the treated ecattie, thus providing endogenous 
energy. This study with growth hormone would support the view that the 
differences in ability, as measured in this current work, were largely brought 
about and controlled by the hormone complex of lactation. 

The following may provide further evidence in support of the above view. 
Madden et al. (7) found that the genetic correlations between cumulative part 
and whole records had values approaching unity, and Leroy (5) provided data 
indicating that milk yield at any time during the lactation was definitely related 
to initial and maximum yields. These results have received further verification 
in this current work, despite some of the severe experimental conditions em- 
ployed, and, together, these data strongly indicate that the conditions regu- 
lating subsequent milk production appear to be determined at the outset of 
lactation. Production will then attempt to proceed throughout the lactation in 
accord with the initial regulatory conditions, despite the induced environmental 
effects. This regulation continued to exert its effect in the post-experimental 
period, as is indicated by the differential production responses of the high, 
medium, and low ability cows. 

The use of a constant ratio (in this case 7 lb. hay:4 lb. concentrates) in 
the preliminary period, since it is not tied to the particular and changing milk 
production of each animal, can be used to view feed consumption and produc- 
tion of animals from a common basis. This system of feeding during the first 
60 to 90 days of lactation deserves further study. It may serve as an indication 
of the efficiency of animals and, as early production is highly correlated with 
subsequent production, this modified management as opposed to feeding to indi- 
vidual production may give a more valid estimate of the actual producing 


ability of an animal. 
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SUMMARY 


Hay and concentrates in four ratios (75:25, 55:45, 35:65, 15:85) were fed 
to lactating cows for 182 days, starting 64 days after parturition, in isodynamic 
amounts above individual maintenance requirements at each of three feeding 
levels (high, medium, low). Thirty-six Holsteins were divided into high-, 
medium-, and low-producing groups, and three cows, one of each group, were 
fed at each of the 12 hay: conecentrate-feeding level positions. For each cow the 
total feed energy requirement for production was predetermined and _parti- 
tioned into decreasing weekly quantities. Feeding was based on net-energy 
recommendations for maintenance and production. 

The differences in the ENE available for milk production at the three feed- 
ing levels were much greater than the corresponding differences in FCM pro- 
duction, which indicated that the ability of the animals exerted a greater influ- 
ence upon production than did the intensity of feeding. Production in the 
preliminary period was highly correlated with that in the experimental period. 
The production response to full feed during the post-experimental period indi- 
eated a relation to the magnitude of production in the preliminary period. 

Weight changes during the initial 5 weeks of the experimental period were 
closely related to diet but thereafter, particularly at the lower feeding levels, 
were largely independent of the ration. 
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Lactating cows utilized their TDN more efficiently for milk production 
on alfalfa hay than they did on sericea hay which probably contained a de- 
pressant for milk production. [ditor. 











Generally, high yields of milk or meat have not been obtained when farm 
animals were fed sericea as the only roughage (9, 13, 19, 23, 24). In a recent 
study, however, calves fed a mixture of chopped sericea and cottonseed meal, 
with a digestible protein content of approximately 10.5%, made significantly 
greater weight gains than those that received sericea without cottonseed 
meal (10). 

Digestion studies (8, 10, /9), have shown that sericea is relatively low in 
digestible dry matter and in TDN; at least two studies would indicate that 
energy intake is not the primary deficiency of sericea for dairy animals (8, 9). 
An apparent deficiency of some sericea forage is the ash content (1/0, 11, 19), 
which was emphasized by the craving of calves for mineral salts (22) when 
sericea was the only roughage fed. Nevertheless, the calves receiving sericea 
with and without cottonseed meal supplementation had similar levels of serum 
inorganic P (10). Thus, the results of the calf-growth study suggested: (a) 
that the primary deficiency of sericea, at least for growing calves, is the digesti- 
ble protein content, which averages approximately 4.0% on the hay basis (8, 
10, 19) and (b) that by correcting the insufficiency of digestible protein and 
providing TDN according to the recommended allowances (20), lactating cows 
could be expected to produce milk at a rate similar to that obtained when a 
high quality forage is fed. 

The good growth response of calves from supplementing sericea with cotton- 
seed meal prompted an investigation to determine the response of lactating dairy 
cows fed sericea with and without urea as a protein substitute to provide a di- 
gestible protein equivalent similar to that of the digestible protein in alfalfa hay. 


EXPERIMENTAL PROCEDURE 
Fifteen lactating dairy cows that had passed their peak in milk production 
were assigned to the basal diet, described later, during a 2-week standardization 
period. On completion of the standardization period, the cows were assigned 
at random to the basal diet or one of the two test diets for the experimental 
period of 4 weeks duration. A deseription of the basal and test diets follows: 
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(a) basal—alfalfa hay plus concentrate; (b) test—(S) sericea hay plus econcen- 
trate; and (SU) sericea hay supplemented with 262-urea at the rate of 11.7 g. 
per pound of hay, plus concentrate. It has been reported that urea has a 
digestible coefficient of approximately 70‘) as a protein substitute (6, 16); 
thus, the 11.7 g. of urea added to the sericea hay was calculated to supply in 
the sericea-urea mixture a ‘‘digestible protein equivalent’’ of 10.5‘, which is 
similar to the digestible protein content of good quality alfalfa hay (20). The 
ingredients in the concentrate mixture and their percentage ratios were: corn, 
39; citrus pulp, 38; cottonseed meal (41‘7 protein grade), 20; steamed bone 
meal, 2; and salt, 1. 

During the standardization period, a limit was placed on the hay intake of 
a few of the cows in order to have more than one cow within a given range; 
however, most of the cows received all of the hay they would eat, which sup- 
plied between 42.0 and 72.7% of the TDN fed. The quantity of hay fed during 
the experimental period was placed at the levels of average daily intakes during 
the standardization period. Nutrient requirements were estimated from the 
level of milk production during an interim of 9 to 14 days preceding the stand- 
ardization period and from body weight at the beginning of the standardization 
period according to the recommended allowances (20). The TDN fed during 
the standardization period was calculated to supply requirements for mainte- 
nance plus 100 to 112.5% of the TDN needed for milk production at preliminary 
period levels of production. Because of changes in level of milk yield of some 
cows during the standardization period, the TDN fed supplied between 86 and 
135% of the recommended allowance (20). The average intakes of TDN during 
the experimental period, as a percentage of requirements for production at the 
standardization period levels by dietary groups were: alfalfa, 108.2; sericea, 
106.4; and sericea-urea, 107.8. The variations between these levels were not sig- 
nifieant (P=0.05). Differences between the total nutrient intakes and the 
nutrients fed as hay were supplied in the form of the concentrate mixture 
previously deseribed. 

The feeding procedure during the experimental period was similar to that 
followed during the standardization period, except that different forages were 
fed to cows receiving the test diets. The sericea forage in diets S and SU was 
fed at a rate that would provide the cows with approximately the same forage 
TDN as that supplied by alfalfa during the standardization period. Nutrients 
equal to the amounts in refused forages were supplied by feeding extra quan- 
tities of concentrates to maintain as nearly as feasible an iso-caloric intake 
throughout the standardization and the experimental periods. 

Three of the five cows on each treatment were housed and fed individually 
in box stalls and the other two cows on each treatment were housed and fed 
individually in stanchions. The concentrate and the forages, which were chopped 
to approximately 3-in. lengths, were fed twice daily and the quantities con- 
sumed were recorded. Water was available at all times to cows in individual 
box stalls, whereas those housed in stanchions were watered twice daily. The 


individual box stalls and stanchions were bedded with pine shavings. Manure 
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was removed and clean shavings were added daily. The experimental cows were 
turned into a vegetation-free paddock to exereise during a period of 1 to 4 
hours daily. Normally this was between 8:30 a.m. and 1:00 p.m. 

Cows on all dietary treatments were machine-milked twice daily. Frequent 
checks were made to insure that milking was complete. The quantity of milk 
produced at each milking was determined and recorded. Butterfat content of 
the milk from individual cows was estimated by the Babeock method (7) on a 
2-day composite at 2-week intervals; i.e., at the beginning and at the end of the 
experiment and once while the experiment was in progress. All milk yields 
were converted to FCM (4) for comparison. 

All cows used on this experiment were weighed on the first three days of 
the standardization period, on the last three days of the standardization period, 
and on three successive days at the end of the experiment. 

Initial occurrence and duration of abnormalities in the health of the cows 
were recorded on individual barn sheets. 


RESULTS AND DISCUSSION 


The digestibility of the experimental feeds as determined by conventional 
digestion trials are shown in Table 1. The TDN content of the alfalfa hay and 
some of the sericea hay was relatively high (20). The comparatively high TDN 
content of the alfalfa hay seems to be in keeping with the leafiness of the hay. 
The TDN content of the sericea hay fed at the first of the experiment was 
higher than that fed during the later part of the study as determined by a 
digestion trial that preceded and one that followed the feeding study with the 
lactating cows. Sericea fed in both digestion trials was relatively high in digesti- 
ble protein content, that fed during the latter trial providing the highest level. 
Since the digestible protein content of the sericea fed in the second trial was 
unusually high, a recheck was made on the crude protein content of the feed 
and the feces. The recheck confirmed the original analyses. Nitrogen content 
of the feed and feces was measured by the micro-kjeldahl method (7) and mul- 
tiplied by 6.25 to give the crude protein contents. 

The average pre-experimental milk production of cows assigned to alfalfa 
and sericea-urea groups was similar and slightly higher than that of cows 

















TABLE 1 
Tolal digestible nutricut, digestible protein and dry matter content, . 
of experimental feeds on the air-dry basis" 
Forage DM TDN DP 
(% (% (% 
Digestion Trial I 
Alfalfa hay 92.95 55.30 020 
Sericea ha) 29.00 51.01 1.34 
Concentrate 89.90 74.40 10.40 
Digestion Trial II 
Sericea hay $9.50 45.31 6.96 
Sericea hay, av. 2 trials 90.75 48.16 5.65 








* DM is dry matter, TDN is total digestible nutrients, and DP is digestible protein. 
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assigned to the sericea group. This slight difference in the initial production 
would be expected to affect the level of production but not the persistence of 
milk yield during the experimental period. Therefore, milk production for the 
experimental period was adjusted by covariance (21) to take into account the 
difference in initial levels of production of individual cows. The quantities of 
FCM produced during the standardization and the experimental periods and 
the adjusted production for the experimental periods are given in Table 2. 


TABLE 2 
Vean daily FCM yields, by periods, by dictary groups 























FCM by periods Adjusted experi- 

sii pasate iene mental produetion 
Dietary group Standardization Experimental! FCM 
(lb.) (1b.) (Ib.) 
Alfalfa hay 30.70 28.74 27.87 
Sericea hay 28.58 21.60 2272 
Sericea hay—uren 30.02 23.70 ae 
L.8.D., P=0.01 $.20 


During the experimental period, the mean adjusted FCM yields of cows fed 
sericea and of those fed sericea-urea were similar but were significantly less 
than the average vields of cows fed alfalfa hay as the source of roughage. The 
lower milk vields of cows fed sericea than those fed alfalfa are in agreement 
with previous reports (9, 13, 24) of studies in which nutrient intakes were not 
controlled. The 6.6% decrease in production during the experimental period 
by cows in the alfalfa group was within the range of the 6 to 8% decline 
expected (22); whereas, the 25.98 and 24.82% decreases in FCM of cows in the 
sericea and sericea-urea groups, respectively, were excessive. Decreases in milk 
vield of cows in this study cannot be accounted for by differences in TDN 
intake, since the levels of TDN consumed by all groups were similar and aver- 
aged 6.4 to 8.2% in excess of requirements. Also, the average apparent digestible 
protein intake of each cow in all groups was adequate to sustain production of 
milk at the standardization period level. The adequacy of the digestible protein 
supplied by the sericea hay for the experimental period was unexpected and 
resulted from the 5.65% apparent digestible protein content of the sericea hay 
fed, which is relatively high (8, 70, 19). Because of the variability in the 
digestible protein content of the sericea hay, it is possible that cows fed diet S 
received inadequate quantities of digestible protein at some stages of the experi- 
mental period. If this were true, the urea in diet SU should have ameliorated 
the condition, yet there was no apparent lactation response to urea feeding. 

Since the primary objective in feeding dairy cattle is to obtain the greatest 
possible efficiency in converting consumed nutrients into milk, the gross efficiency 
of milk production was computed from the formula described by Morrison (20), 
i.e., Gross Efficiency = 340 Cal. X lb. FCM + 1814 Cal. <x Ib. TDN. In order to 
account for individual variation, the gross efficiency during the experimental 


periods was adjusted by using the gross efficiency during the standardization 











SERICEA, L. CUNEATA, AS ROUGHAGE FOR DAIRY COWS 99 


period as a covariable. Possibly it should be re-emphasized that during the 
standardization period all cows received the same ration. The gross efficiency 
of milk production during the standardization period and during the experi- 
mental period and the adjusted gross efficiency of milk production during the 
experimental period are shown in Table 3. The gross efficiency of milk produe- 


TABLE 3 


Gross efficiency of milk production, by periods, as related to diets 








Standardization Experimental Experimental 
Diet group period period period, adjusted 
(%) (%) %o) 
Alfalfa 31.1 28.7 28.9 
Sericea 30.9 265 24.4 
Sericea—urea 32.0 24.1 23.6 





L.8.D., P = 0.01 — = 4.1 





tion by cows fed alfalfa was greater (P= 0.01) than that of cows fed sericez 
and sericea-urea, respectively. 

The body weight data during the experiment were examined to determine 
whether the decreases in milk production of cows on diets S and SU were re- 
flected in weight changes. Cows fed alfalfa gained an average of 0.92 Ib. in 
body weight daily, which was similar to the 0.87 lb. gained by cows fed sericea 
but significantly greater than the 0.07 lb. loss in weight of cows fed sericea-urea. 

The combination of excessive decreases in milk production and varied changes 
in body weight by cows fed sericea and sericea-urea suggested differences in 
utilization of the TDN consumed. A study of the forage intake data revealed 
that cows fed alfalfa hay consumed an average of 61.0% of their TDN in the 
form of hay, whereas cows fed sericea and those fed sericea-urea consumed 56.6 
and 51.3%, respectively, of their TDN as hay. Furthermore, there appeared 
to be a positive correlation between the percentage of TDN supplied as hay and 
the percentage decrease in milk production. A test of this relationship (Fig- 
ure 1) revealed that there was a significant decline in milk production with 
each increase in the percentage of the TDN supplied by the hays and the 
decrease for sericea-fed cows started at a lower level of intake than for alfalfa- 
fed cows. Thus, when cows are fed sericea hay it appears that the average 
monthly rate of decline in milk production is a funetion of the TDN require- 
ments supplied by sericea and may be expressed as: y = (x-a)(b) when a@ is 
the maximum percentage of TDN from sericea hay that may be fed before any 
decline in production would be expected, » is the regression coefficient, 2 is the 
per cent of the TDN supplied by hay and y is the expected rate of decrease in 
production of FCM. In this study, the coefficients for sericea and sericea-urea 
were 19.2% and 15.6%, respectively, and the a coefficient for alfalfa was 51.6%. 
The difference in « coefficients between diets were statistically significant. There 
appear to be three logical means for accounting for the difference in the rates 
of decline of FCM by cows when fed the same percentage of their TDN require- 
ments from different hays. They are: (a) differences in the net energy values of 








100 G. E. HAWKINS AND K. M. AUTREY 











35 | 
ae 30 | 
~ 
s 
ne 
” 
wn 
a@ 20+ 
uJ 
a | 
= 
— iS - T 
za 
o 
B10 + — 
Ww 
ea 
i 
6 5} 

|‘ Soe 














0 © 20 30 40 50 60 70 80 90 100 
% TDN FROM HAY 


Fig. 1. Relationship between percentage TDN supplied by hay and percentage depression 


in persistency of milk yield per month. 


the hays, (b) the presence of a lactation depressant in the sericea hay, and (¢) 
the presence of some constituent in sericea hay that made digestible protein 
unavailable to the cows. 

The variable net energy—TDN ratio concept has support from data in the 
literature which show that the digestible nutrient content of feedstuffs may not 
be a good measure of their productive value (77). According to Morrison’s 
estimates of net energy (20), the alfalfa hay should have provided approxi- 
mately 43 therms of net energy per 100 lb., whereas the sericea forage possibly 
provided as little as 30 to 36 therms, using low quality roughages including 
carpetgrass hay, cottonseed hulls, and corn fodder with ears removed as the 
basis for the latter values. Since the average crude fiber content of the sericea 
hay was 29.2, which is similar to that of average quality alfalfa hay (20), 
whereas the 26.4% crude fiber in the alfalfa hay was low, there is a possibility 
that equal amounts of TDN from the two hays were not equal in net energy. 
Nevertheless, it would appear that the excess of nutrients provided in the diets 
would minimize the significance of differences that may have existed in net 


energy values of the hays. 

The possibility of the differences in lactation and weight change responses 
being due to variations in the net energy values of the forages per unit of TDN 
showed a need for an evaluation of the productive value of the forages that 
would include maintenance, milk production, and changes in body weight. This 
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evaluation has been deseribed by Knott et al. (18) and is determined by the 
following formula: 


TDN requirements for maintenance and production 
% efficiency of utiliza- = TDN available (consumed TDN plus TDN equivalent 
tion of available TDN of weight loss) or (consumed TDN—TDN equivalent 
to weight gain) 








using 1 lb. of gain in body weight as equivalent to 3.53 lb. TDN and 1 Ib. of 
loss in body weight as equivalent to 2.73 lb. TDN. The percentage efficiency of 


utilization of available TDN by roughage groups is shown in Table 4. After 


TABLE 4 
The percentage efficiency of utilization of available TDN, unadjusted and 
adjusted for TDN intake as per cent of requirements 














Dietary groups Unadjusted Adjusted Correlations 
Alfalfa 113.1 113.6 0.343 
Sericea 113.0 108.7 0.916 
Service—urea 84.2 84.6 0.902 

L.S.D., P= 0.05 43.6 35.7 





accounting for TDN gained or lost due to weight changes, the average utiliza- 
tion of available TDN by the alfalfa and the sericea groups was similar and 
averaged 29% greater than that of cows on the sericea-urea diet, but the differ- 
ences were not statistically significant. Further study of the data revealed wide 
differences in percentage of efficiency of utilizing available TDN within feed 
groups, suggesting that some uncontrolled variable was affecting utilization of 
available TDN. Subsequently, other analyses were made in which the TDN 
intake during the experimental period, expressed as a percentage of require- 
ments for maintenance and FCM produced during the standardization period, 
was used as a covariable with the per cent efficiency of utilization of the avail- 
able TDN during the experimental period to determine whether or not the 
variations in efficiency of utilization of TDN were related to TDN requirements. 
The results of this statistical study showing the adjusted percentage oi efficiency 
in utilizing available TDN are given in Table 4. Taking into account the level 
of TDN intake expressed as a percentage of the TDN requirements for mainte- 
nance and milk production significantly reduced the within-group variation in 
efficiency of TDN utilization, but had no appreciable effect on differences be- 
tween dietary groups in efficiency of utilization of available TDN. The average 
efficiency of utilizing available TDN by the alfalfa-fed cows and that of cows 
fed sericea was 29.0 and 24.1% greater, respectively, than that of cows fed 
sericea-urea, but the differences were not significant statistically. The regres- 
sion coefficients and the correlation coefficients between TDN intake as percent- 
age of requirements and efficiency of utilizing available TDN associated with 
dietary groups differed significantly from the average coefficients for the experi- 
ment. The average correlations by dietary groups were: alfalfa, —0.343 ; sericea, 
—0.916; and sericea-urea, —0.902; whereas the average correlation for all diets 
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was —0.860, which is highly significant. These data show that overfeeding re- 
duced the efficiency of utilization of available TDN and that efficiency was re- 
duced significantly more by feeding excess TDN when sericea was the only 
roughage than when alfalfa was the only roughage fed. This reduction in effi- 
cieney of utilization of available TDN when the cows were overfed would be 
expected, since previous studies by Forbes et al. (2) have shown that rations 
have a higher net energy value for maintenance than for fattening. 

Another statistical study of the efficiency of utilization of available TDN 
data was made by using the percentage of TDN supplied by hay as a covariable. 
These analyses showed that the within-treatment variation in percentage of 
efficiency in utilizing available TDN was not affected significantly by the varia- 
tion in the percentage of TDN supplied in the form of hay. The correlation 
coefficients between percentage of TDN intake from hay and efficiency in utiliz- 
ing available TDN by diets were: alfalfa, 0.493; sericea, —0.739; and sericea- 
urea, —0.892. The mean correlation for ail diets was —0.324, which was nonsig- 
nificant, whereas that for the two sericea diets combined was —0.719, a signifi- 
eant correlation (P = 0.05). These correlation data indicate that increases in 
the quantity of sericea hay TDN fed affected adversely the efficiency of utilizing 
available TDN, whereas increases in the percentage of TDN supplied by alfalfa 
hay appeared to have no measurable effect on the efficiency of utilizing available 
TDN. Thus, it appears probable that sericea hay supplied some factor that 
depressed gross efficiency of milk production and, in its highest concentration, 
depressed efficiency of utilization of available TDN. It is known that sericea 
contains a higher percentage of tannin than alfalfa (8); however, a study re- 
ported by Herman eft al. (12) indicates that tannin does not affect milk yield. 
Also, a study by Hawkins (8) showed that the addition of gallotannin did not 
affect digestibility of dry matter or of protein. Hence, it appears improbable 
that tannin was the causative factor in the low productive value of sericea forage. 

It is possible that the sericea forage was deficient in some nonenergy vield- 
ing nutrient, such as the unidentified lactation factor described by Huffman 
and Dunean (7/4) and Huffman ef al. (15), that was required to balance the 
ration. Forbes ef al. (3) found that corn had a higher net energy value for 
steers when fed with alfalfa hay than when fed alone. The sericea had a higher 
productive energy value when the TDN supplied by the hay was less than 50% 
than when it exceeded 50% of the total. Since the highest percentages of TDN 
supplied by sericea hay and the overfeeding of TDN occurred with the same 
cows, the data do not lend themselves to an evaluation that would determine 
whether or not a deficiency of a nonenergy yielding nutrient existed. It is 
pointed out that the average apparent digestible protein content of sericea ra- 
tions provided the minimum recommended allowance (20) of digestible protein 
and that the urea added increased the ‘‘digestible protein equivalent’’ of the 
SU diet to a level similar to that of the basal diet. Therefore, it would appear 
that digestible protein was not a limiting factor in the utilization of TDN or 
in milk vield of cows fed sericea forage. This concept is supported by the results 
of a later study in which additional digestible protein supplied by cottonseed 
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meal, as in the calf growth study (70), did not sustain milk yield of cows receiving 
sericea, 

The fact that the efficiency of utilizing available TDN by cows on the sericea 
diets was in excess of 100% of the expected efficiency (18) when the cows re- 
ceived the recommended allowance (20) or less than the recommended allow- 
ance of TDN shows that depression of lactation rather than depression of effi- 
ciency in utilizing available TDN was the primary inadequacy of these diets. 

One cow fed sericea-urea developed a condition that was diagnosed as aceto- 
nemia. Two other cows on this diet developed enlarged briskets about 2 weeks 
after conclusion of the experiment. The latter cows had low blood serum levels of 
carotene and vitamin A. A priori relationships, however, have not been established. 


SUMMARY 


The results of this study show that the level of milk production of similar 
cows was less when sericea hay was the source of roughage than when good 
quality alfalfa hay was the roughage souree even though the TDN intake on 
the two diets was similar. This difference in milk yield between the alfalfa and 
the sericea group was not overcome by supplying urea nitrogen to increase the 
‘digestible protein equivalent’’ of the sericea ration to a quantity similar to 
that of the digestible protein content of the alfalfa hay (basal) ration. 

Gross efficiency in milk production from TDN fed showed that cows receiving 
alfalfa utilized their TDN intake more efficiently for milk production than did 
cows fed sericea with or without urea as a supplement. A study of efficiency 
of utilizing available TDN that took into account maintenance, milk production, 
and gains or losses in body weight showed that sericea and alfalfa were similar 
in efficiency of utilization of available TDN. The average efficiency in utilizing 
available TDN was approximately 24% less by cows receiving sericea with urea 
than by cows receiving sericea without urea; however, this difference was not 
statistically significant. 

Since efficiency of utilizing available TDN was similar for the alfalfa and 
the sericea groups, it is believed that the net energy of the two forages in pro- 
portion to their TDN also would be similar. Thus, it would appear that sericea 
contains a lactation depressant or that sericea is deficient in some nonenergy 
yielding nutrient required for high levels of milk production. Further studies 
appear to be warranted to determine whether the depressing effect of sePicea 
on milk production can be counteracted by use of other feeds as a supplement. 

It would appear that digestible protein was not a limiting factor in the 
quantity of milk produced. However, the possibility that something in sericea 
reduced the digestibility of the protein in the concentrate cannot be discounted. 
Supplementation of sericea with urea did not improve sericea as a roughage for 
dairy cows and there were some indications that it was deleterious. 
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TECHNICAL NOTE 


THE EFFECT OF ADMINISTERING 9-ALPHA FLUOROHYDRO- 
CORTISONE WITH SODIUM SOURCES TO RUMINANTS’ * 


In studies in Maryland (6,8) it was observed 
that 9-alpha fluorohydrocortisone (9 —a F) 
extremely effective for the treatment of bovine 
ketosis. No adverse results were observed in 
either normal or ketotie cows after its use 
except for a poor response in one case of ketosis, 
in which:a massive dose of 300 mg. was ad- 
ministered. Later, however, in studies in the 
Los Angeles area, five deaths occurred in cows 
treated with 9—aF, which were attributed 
to hypokaliemia (8). Since these studies were 
in conjunction with studies on the use of various 
lactates, a check revealed that, in addition to 
9—aF, sodium lactate had been used in these 
eases as well as calcium lactate and sometimes 
calcium gluconate. 

Studies on 9—aF have shown a marked 
effect on sodium retention in the adrenalee- 
tomized dog (/) and rat (2). A high degree 
of electrolyte activity, manifested by a decrease 
in the urinary excretion of sodium and a rise of 
potassium, was demonstrated with this sub- 
stance in humans (10). It was further demon- 
strated that this effect of 9—aF was greater 
than that of cortisone (3,5, 9). 

It appeared, therefore, that the adverse effect 
of 9—a F noted in the Los Angeles studies may 
have been due to excessive sodium retention. 
The following is a brief report on administering 
9—aF with sodium and calcium sourees to 
ruminants. 

One Jersey cow and four goats were used in 
this study. The cow was used in two trials with 
a rest period of 3 weeks between trials. For 
5 days prior to the beginning of Trial II (not 
noted in Table 1) this cow received 2 lb. of 
calcium lactate per os per day. As will be noted 
in Table 1, the animals received repeated in- 
jections of 9—aF, alone and in combination 
with calcium lactate and/or sodium lactate per 
os and with calcium borogluconate intraven- 
ously. 

The blood samples were drawn into tubes con- 
taining heparin. Sodium and postassium were 
determined with a flame photometer and calcium 
was determined by the Clark-Collip method (1). 

The data in Table 1 show that the administra- 
tion of 9—aF with sodium salts had serious 
deleterious effects on all of the animals so 
treated. However, numerous injections with- 
out sodium salts were required before adverse 
clinical signs were produced and these signs 
disappeared rather quickly after cessation of 


is 
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the treatments. All four goats which received 
added sodium salts per os died within 2 days 
of the initial injection of 9-aF. The cow 
treated similarly was prostrate repeatedly and 
was saved only by resorting to repeated intra- 
venous injections of potassium chloride at short 
intervals. The signs and symptoms were the 
same as those observed earlier in the Los Angeles 
study, the cow exhibiting extreme flaceidity, 
rapid respiration, and rapid and sometimes 
irregular heart beats. The heart beat of the 
experimental cow following its first collapse 
was 80, strong and irregular. Within 15 hours 
it had increased to 110 and was quite weak 


though regular. Within 5 minutes after the 
intraveiious injection of 10 g. of potassium 


chloride, the heart rate was 86, strong and 
regular. Several hours elapsed, however, before 
the cow regained sufficient musele tone to lie 
in a natural position. Allowing a time lapse of 
45 to 60 minutes between injections of potas- 
sium chloride usually resulted in a marked in- 
crease in heart rate. 

The blood plasma potassium of the cow was 
depressed by 9—aF injections alone, as was 
the blood and plasma potassium of the goat 
(Trial IIT) which reeeived 9—a F with ealeium 
sources. A marked sodium retention was not 
apparent, however. In the other trials in which 
sources of sodium were administered, the in- 
jection of 9—aF did result in both a marked 
depression of blood and plasma potassium and 
in apparent sodium retention as shown by the 
increase in plasma and/or blood sodium. Blood 
plasma calcium, where measured, was not at- 
fected by the various treatments. 

It is obvious that sodium salts are contra- 
indicated when 9—a F is used for the treatment 
of bovine ketosis and that 9—aF must be used 
with caution. However, since adverse effeets 
have not been observed in either normal or 
ketotic cows on normal rations following the 
use of up to 100 mg. of 9-aF, it may still 
have a real place in the treatment of bovine 
ketosis because of its great potency. It would 
be helpful to have more data on the effect of 
lower levels of sodium chloride intake. 

In considering the use of 9—aF for bovine 
ketosis, it is significant that a 100-mg. dose 
appears to be optimal for most cases and that, 
for the bovine, it is approximately 15 to 20 
times as potent as hydrocortisone and 4 to 5 
times as potent as prednisone (6), both of the 
latter compounds being highly effective when 
administered in adequate amounts (7, 8). 

A. C. CHUNG 

J. C. SHaw 

Dairy Department 
University of Maryland 
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INVITATION TO ANNUAL MEETING IN OKLAHOMA 


MEMBERS OF THE AMERICAN Dairy SCIENCE ASSOCIATION : 


We are indeed pleased that the American Dairy Science Association has 
chosen to hold its 52nd annual meeting in June of 1957 on our campus. 

The Oklahoma A & M College, Stillwater, is the only Land-Grant College 
in the State of Oklahoma and, while it is a relatively young institution, we feel 
that it has made great strides in agriculture, and more particularly in the field 
of dairy science. 

Since dairying is an important industry in the Southwest, we are very 
happy to have the opportunity of acting as hosts to the group of distinguished 
scientists, teachers, and agriculturists who will assemble here for your meeting. 

In 1957, Oklahoma will be celebrating the semicentennial of its statehood, 
and the College its 65th year. | am sure you will find entertainment of his- 
torical and educational significance readily available in Stillwater and the sur- 
rounding area. 

We hope, while vou are here, that you will examine our facilities. Your 
headquarters will be the air-conditioned Student Union, and I hope that you 
will explore it, our modern library, and other buildings on the campus. 

We are eager to make your visit to Oklahoma very pleasant and profitable. 
If there is anything we may do to assist you, please do not hesitate to let us know. 

We extend a most cordial weleome to you. 


Sincerely yours, 


OuIveR S. WitLHAM, President 
Oklahoma A & M College 
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Journal Editor-in-Chief E. O. Herrerp, Univ. of Illinois, Urbana 
DIRECTORS 


I. A. Gountp, The Ohio State Univ., Columbus 
(Immediate Past President) 


E. Hopeson, 7006 Wake Forest Drive, College Park, Md. (1957) 
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M. WERNER, Univ. of Wisconsin, Madison (1959) 

H. Parrirr, Evaporated Milk Association, 228 N. LaSalle Street, Chicago (1959) 
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Vational Research Council: W. E. Krauss, Ohio Agricultural Experiment Station, Wooster 

Ralston-Purina Research Fellowship Committee: J. B. Frys, Jr., Louisiana State Univ., 
Baton Rouge 
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SECTION OFFICERS 
H. L. TEMPLETON, Chairman, 6125 Florence Blvd., Omaha, Neb. 
F. J. BaBeL, Vice-Chairman, Purdue University, West Lafayette, Ind. 
B. H. Wess, Secretary, National Dairies Research Laboratory, Oakdale, L.I., N.Y. 


SECTION COMMITTEES 


Program 
Hueu L. TEMPLETON, Chairman, 6125 Florence Blvd., Omaha, Neb. 
F. J. BABEL, Purdue Univ., West Lafayette, Ind. 
B. H. Wess, National Dairies Research Laboratory, Oakdale, L.I., N.Y. 


Butter 
C. JENSEN, Chairman, North Dakota State Agricultural College, Fargo 
2. W. Birp, Iowa State College, Ames 
T. R. Freeman, Univ. of Kentucky, Lexington 
D. L. Fourt, Univ. of Idaho, Moscow 
S. R. Hoover, Eastern Regional Research Laboratory, Philadelphia, Pa. 
H. J. Buyens, 14386 North Lawler, Chieago, Il. 


Nomenclature and Methodology of Milk Proteins 
R. M. Wuirney, Chairman, Univ. of Dlinois, Urbana 
ROBERT JENNESS, Univ. of Minnesota, St. Paul 
C. H. Wuirnan, Kansas State College, Manhattan 
J. R. BRuNNER, Michigan State Univ., East Lansing 
T. L. McMeexin, Eastern Regional Research Laboratory, Philadelphia, Pa. 
A. M. Swanson, Univ. of Wisconsin, Madison 
4. Larson, Univ. of Tllinois, Urbana 
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Dairy Products Judging 
. Trout, Chairman, Michigan State Univ., East Lansing 
. Down, Univ. of Connecticut, Storrs 
. Bascock, USDA, Washington, D.C. 
A. Downs, Univ. of Nebraska, Lincoln 
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. WILLINGHAM, Texas Technological College, Lubbock 
. Tuomas, Univ. of Minnesota, St. Paul 
. WARREN, North Carolina State College, Raleigh 
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Sub-Committee to Develop a Score Card for 
Nonfat Dry Milk 


E. L. THomas, Chairman, Univ. of Minnesota, St. Paul 


— 


R. J. REMALY, American Dry Milk Institute, Chieago, Tl. 
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FP. BE. Fexnrox, USDA, Washington, D.C. 

B. M. ZAKARIASEN, Land O’ Lakes Creameries, Minneapolis, Minn. 
N. P. Tartussuk, Univ. of California, Davis 

W. K. Sronxe, Virginia Polytechnic Institute, Blacksburg 

Ray Powers, Borden Co., New York, N.Y. 


Score Card for Cottage Cheese 
D. M. Irvine, Chairman, Ontario Agricultural College, Guelph, Ont., Canada 
S. L. Tuckey, Univ. of Illinois, Urbana 
H. C. OLson, Oklahoma A & M College, Stillwater 
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E. B. Onere, Chairman, Carnation Co., Van Nuys, Calif. 
W. J. Harper, Ohio State Univ., Columbus 
M. E. Hvis. Armour & Co., Chicago, Tl. 


OFFICERS AND COMMITTEES OF THE PRODUCTION SECTION 
SECTION OFFICERS 


W. Meap, Chairman, Univ. of California, Davis 
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P. MarsHau.. Vice-Chairman, Univ. of Florida, Gainesville 
N. L. Jacorsex, Sceretary, Iowa State College, Ames 


SECTION COMMITTEES 
Dairy Cattle Judging 
%. G. Fossianp, University of Arizona, Tueson (1957) 
H. E. Karser, Chairman, Ohio State Univ., Columbus (1958) 
W. R. Mcrwtey, North Carolina State College, Raleigh (1959) 


Guidance in Conduct Production Section Session 
P. L. Keiiy, Chairman, Univ. of Nebraska, Lincoln (1957) 
. E. Ers, Washington State College, Pullman (1958) 
N. P. Ratstox, Michigan State Univ., East Lansing (1959) 
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Program 
N. P. Ravstex, Chairman, Michigan State Univ., East Lansing 
N. L. Jacopsenx, Towa State College, Ames 
S. P. MarsHaur, Univ. of Florida, Gainesville 
S. W. Mrap, Univ. of California, Davis 


Resolutions 


G. C. Grar. Chairman, Virginia Polytechnic Institute, Blacksburg 
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. P. Rausrox, Michigan State Univ., East Lansing 
{. H. Enters, Washington State College, Pullman 
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JOINT COMMITTEES OF THE PRODUCTION 
AND EXTENSION SECTIONS 


EX TENSION 


PRODUCTION 


Breed Relations 


(Chairman in Production each year 


R. C. Fincuam, Iowa State College, Ames 
(1957 ) 

RALPH WayYNE, Univ. of Minnesota, St. Paul 
(1958) 

C. H. Boynton, Univ. of New Hampshire, 
Durham (1959 


N. P. RAusTon, Michigan State Univ., East 
Lansing (1957) 

KX. A. Huson, Chairman, Kansas State Col- 
lege, Manhattan (1958) 

C. FP. Foreman, Iowa State College, Ames 


(1959 


Dairy Cattle Breeding 


(Chairman in Extension each vear) 


E. C. SCHEIDENHELM, Univ. of Kentucky, Lex- 
ington (1957) 

S. N. Gaunt, Chairman, Univ. of Massachu- 
setts, Amherst (1958) 

H. W. Carter, Cornell Univ., Ithaca, N.Y. 


(1959 ) 


T ype 


(Chairman alternates. 


.. D. MeGrew, Chairman, Ohio State Univ., 
Columbus (1957) 


J.C. Casnu, Univ. of Illinois, Urbana (1958) 


R. ALBRECTSEN, Cornell Univ., Ithaca, N.Y. 
(1959) 


N. D. BAYLEY, 


(1957) 


USDA, Washington, D.C. 


L. D. MeGILuiarD, lowa State College, Ames 
(1958 ) 
R. C. LABEN, Univ. of California, Davis 


(1959 


From Extension in 1957) 


W. J. Tyier, Univ. of Wiseonsin, Madison 
(1957 ) 

J. W. Pov, North Carolina State College, 
taleigh (1958) 

F. W. ArKESON, Kansas State College, Man- 
hattan (1959) 


Dairy Cattle Health 


(Chairman alternates. 
J.S. Tayuor, Pennsylvania State Univ., Uni- 
versity Park (1957) 
‘. G. Brant, Chairman, Cornell Univ., Ithaea, 
N.Y. (1958) 


E. T. ItscuHner, Univ. of Missouri, Columbia 


~ 


(1959) 


From Extension in 1957) 


J. C. Knorr, Washington State College, 
Pullman (1957) 

H. J. Hint, Colorado A & M College, Fort 
Collins (1958) 

J.C. SHaw, Univ. of Maryland, College Park 
(1959) 


OFFICERS AND COMMITTEES OF THE EXTENSION SECTION 
SECTION OFFICERS 


J. D. BurkKE, Chairman, Cornell Univ., Ithaca, N.Y. 
L. R. FryMan, Vice-Chairman, Univ. of Illinois, Urbana 
L. A. JoHnson, Secretary, Michigan State Univ., East Lansing 
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SECTION COMMITTEES 
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J. W. Crow Ley, Chairman, Univ. of Wiseonsin, Madison (1958) 
H. C. Gitmorr, Pennsylvania State Univ., University Park (1958 
D. E. VoELKER, Iowa State College, Ames (1959) 
L. A. JOHNSON, Michigan State Univ., East Lansing (1957 
C. CC. OLsox, North Dakota State College, Fargo (1957 
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BOOK REVIEWS 


Prentice-Hall Federal Tax Course, 1957. 
dé; 


i, 
Prentice-Hall, Ine., Englewood Cliffs, N. 
Price — $17.50. 

A 1518 page treatise dealing with answers 
to tax questions, tax savings, and new regula- 
tions under the new code, written in a clear 
and concise manner. Detailed examples are 
given to illustrate various tax problems. The 
book is excellently indexed for quick reference. 
The subject is treated from the viewpoint of the 
individual, partnerships, estates, trusts, corpo- 
rations, foreign tax payers, social security 
taxes, gift taxes, and estate taxes. A book of 
this type is indispensable for the business as 
well as the professional man who has any ap- 
preciable involvement in tax problems. 

P. H. Traey 


2. How to Win Success Before 40. W. G. 
DamrotH. Prentice-Hall — publishers. Price - 
$4.95. 

This book while slanted towards the voung 
man in business could be of value to a person 
in scientific and professional fields as well. 
Twenty-one keys to success are covered in de- 
tail under three sections as follows: 


Part I. How to improve your thinking  pat- 


tern. 
This section tells you how to choose a 
course in life and how to set up goals. It 


also explains how to develop self-confidence. 


Part II. How to improve your working’ pat- 
tern. : 
This section covers such points as finding 
the kind of werk vou like, the need for a 
positive attitude, the need for continuing 
education, and how to take advantage of op- 
portunities experienced. 
Part IIT. How to improve your relations with 
other people. 

This section has to do largely with how to 
sell yourself and your ideas to others. 


Forty stories dealing with the actual experi- 
ences of young men and women who have 
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achieved success in the last few years are given 
to prove the author’s point that there is still 
ample opportunity for young people to arrive 
at the top today if they apply themselves 
properly. It is the purpose of the book to show 
how this can be done. It is stimulating reading. 
P. H. Tracy 


CHEESE 


3. The influence of environment and proc- 
essing of spoilage organisms in cottage cheese. 
L. G. Harmon and C. K. Smirn, Depts. of 
Dairy Microbiology and Publie Health, Mich. 
Agr. Exp. Station, East Lansing. J. Milk and 
Food Technol., 19: 252. 1956. 

Microbiological studies were performed on 
17 vats of cotage cheese manufactured in 12 
commercial plants. Samples of all raw materials 
and the cheese at various stages of manufac- 
ture were examined. Samples from 10 vats 
held at 50° F. exhibited a shelf life ranging 
from 5 to 10 d., while that of 7 vats ranged 
from 13 to 16 d. 

The shelf life of samples at 42° F. averaged 
51% longer than those samples held at 50° F. 
The pH of the cheese and temperature at which 
the product was -washed and handled are im- 
portant factors in keeping quality. 

Many water samples showed high lipolytic 
and proteolytic microbial counts. No coliforms 
were reported in the water samples. 

The presence of spoilage organisms in cheese 
samples indicates a need for proper pasteuri- 
zation, equipment sanitation, precaution in 
handling raw materials, and lastly, the wash 
water should not be overlooked. 

H. H. Weiser 
4. Mold free cheese. Anon. Milk Prod. J., 
47, 10: 83. 1956. 

The antibiotic cure and preservation of cheese 
is accomplished by spraying or dipping the 
surface of freshly-made cheese with a weak 
antibiotic solution. A coat of paraffin then is 
applied to prevent evaporation of moisture. 
The protective antibiotic coat prevents mold 
growth and allows higher ripening tempera- 
tures. This process permits the ripening of 
cheese in 3 mo. instead of the usual 9-12 mo. 
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This process has been patented and is await- 
ing Food and Drug Administration approval. 
J. J. Janzen 


5. The use of the A-C test in Cottage 
Cheese manufacture. S. W. Reip. Milk Prod. 
J., 47, 10: 26. 1956. 

One of the most important steps in the manu- 
facture of cottage cheese is determining the 
exact optimum time for cutting the curd. Tech- 
niques used for determining cutting time have 
been the “clean break” method, titration of whey 
against a known alkaline solution, and pH de- 
terminations of curd. 

A new test, recently proposed by the Depart- 
ment of Dairy and Food Industry, University of 
Wisconsin, known as the A-C (Acid Coagula- 
tion Endpoint) test is deseribed in detail. 

J.J. Janzen 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


6. Acceptability of irradiated foods. \V. EK. 
McGary and M. E. Suipman, Med. Nutrition 
Lab., Fitzsimons Army Hospital, Denver. J. Am. 
Dietetic Assoe., 32, 11:1059. 1956. 

Thirty-six irradiation-sterilized foods, in- 
cluding powdered whole milk, were tested on 
nine or ten subjects. The test foods were ineor- 
porated in regular menus at different levels. 
Powdered whole milk was among those foods 
to which there were greatest flavor objections. 
It also aequired a yellow or tan cast on irradi- 
ation. 


F. E. Rice 


7. Importance of rapid cooling of nonfat 
dry milk. T. I. Heprick and B. J. Ommopr, 
Agr. Mkt. Ser., USDA. Milk Prod. J., 47, 10: 
18. 1956. 

Nonfat dry milk should be cooled immedi- 
ately to 90 to 100° F. upon discharge from the 
drier to prevent lumpiness and caking. The 
cooling rate of nonfat dry milk in drums and 
closely stacked bags is very slow, especially 
during warm weather. In addition to lumpiness 
and caking, the development of off-color, stale 
and storage flavors are greatly accelerated. 

Types of dry milk cooling systems that have 
been tried inelude atmospheric air, refrigerated 
air, refrigerated surfaces, and dry ice. Air at 
atmospheric temperature is the least effective 
during warm weather. Metal contact cooling is 
limited because during operation moisture col- 
lects on the cooled surface despite preventive 
efforts. Dry ice has been used with limited 
results, especially for high fat dry milk. The 
expense and inconvenience of handling pro- 
hibits its use for low price products sueh as 
nontat dry milk. The most common system is 
the use of cooled air. 


J. J. Janzen 


8. New way to instantize milk solids. E. 
Carson, R. A. Wier, and J. V. ZiemBa. Food 
Kng., 28, 10:62. 1956. 

This report deseribes the Cherry-Burrell 
System of producing “instant” milk powder at 
Dry Milk Products Company, Eau Claire, Wis- 
consin. Starting with conventionally dried milk, 
the process involves agglomeration of the 
powder by dampening and clumping the par- 
ticles, drying in hot air, shaker cooling, and 
finally sizing to uniform pellets ready for pack- 
aging. The different units of the equipment 
are described and processing steps are pre- 
sented in detail. Capacity is 2000 lb. powder/hr. 

T. J. Claydon 


9. New twists in lactose uses. Food Ene. 
Statf. Food Eng., 28, 10:56. 1956. 

Lactose is being recognized by food imanufac- 
turers as an important aid in impreving prod- 
ucts and cutting ingredient costs. It possesses 
certain quality promoting properties combined 
with low sweetening power. The use of lactose 
is of value in controlling formulations, aiding 
processing techniques, simplifying product 
handling, improving products and producing 
new products. Lactose is commercially pro- 
duced by crystallization from concentrated 
whey, under carefully controlled conditions. 

T. J. Claydon 


DAIRY BACTERIOLOGY 


10. Vitamin assay. Vitamin B. in steril- 
ized milk and other milk products. <A. Z. 
Hopson, Research Lab., Pet Milk Co., Green- 
ville, Ul. J. Agr. Food Chem., 4: 876. 1956. 

Two microbiological assay methods for vita- 
min Be have been slightly moditied to conform 
to the newer knowledge of the vitamin and the 
metabolic requirements of the assay organisms. 
The modified methods give similar but not 
necessarily identical results when applied to 
fresh or pasteurized milk or nonfat dry milk 
solids, but different results when applied to 
stored evaporated milk. Experimental work 
suggests that pyridoxal of fresh milk is changed 
progressively to pyridoxamine and then to an 
unknown form of vitamin Bs during processing 
and storage of evaporated milk. The unknown 
form of the vitamin is not equally aetive for 
the assay organisms. 

S. Patton 


11. Ruminant nutrition. Phytate phospho- 
rous hydrolysis and availability to rumen 
microorganisms. A. Raun, Kk. Cnexc, and W. 
Burrovaus, Towa State Coll, Ames. J. Agr. 
Food Chem., 4: 869. 1956. 

Caleium phytate is available to rumen miero- 
organisins as inorganie phosphorus when tested 
by an artificial rumen technique involving cel- 
lulose digestion. Washed suspensions of rumen 
microorganisms were able to hydrolyze appreci- 
able amounts of caleium phytate as measured by 
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the presence of inorganic phosphorus following 
incubation. The optimum pH for phytase ac- 
tivity was found to be approximately 5.5. Ad- 
ditional factors influencing phytase production 
or activity were concentration of microorgan- 
isms in the medium, time of incubation, and 
substrate concentration. 
S. Patton 


12. The characteristics of some rumen lacto- 
bacilli. R. G. Jensen, K. L. Suiru, J. E. 
EpmMonpson and C. P. Merinan. J. Bacteriol., 
72: 253. 1956. 

Of 168 isolates of lactobacilli. from rumen 
fluid (2 from a sheep and the remainder from 
a eow On various occasions), 153 were identified. 
12 were Lactobacillus acidophilus, 5 L. brevis, 
30 L. bruchneri, 4 L. casei, 46 L. casei (nonlae- 
tose fermenting). 6 L. fermenti and 52 L. plan- 
tarum. All types except L. casei and L. acidoph- 
ilus were found in rumen fluid dilutions of 10° 
or 10°. 

¥. E. Nelson 

\ 
13. Characteristics of two new genera of 
anaerobic curved rods isolated from the rumen 
of cattle. M. P. Bryant and N. Smauu. J. 
Bacteriol., 72: 22. 1956. 

The genus Succinivibrio is suggested to in- 
¢lude anaerobic, gram negative, non-sporeform- 
ing curved rods with monotrichous polar flagel- 
lation. These organisms ferment glucose with 
the production of a large amount of succinic 
acid and considerable acetic acid. The genus is 
placed in the tribe Spirilleae of the family 
Pseudomonadacea.  Succinivibrio  dexterino- 
solvens nov. sp. is the name proposed for the 
type species. This species is described in detail. 
Seven strains were studied, all varying to some 
small degree from the type culture. These or- 
ganisms are found in greater numbers in the 
rumen of grain-fed cows than in the rumen of 
cows fed predominantly on roughage. These 
organisms produce no appreciable amounts of 
methane, hydrogen, butyric acid, propionic acid 
or volatile alcohol. 

The generic name Lachnospira is proposed 
for five strains of anaerobie, gram _ positive 
nonsporeforming., iwonotrichous, curved rods. 
The genus is tentatively placed in the tribe 
Spirilleae because ot morphology, but the gram 
reaction, which is relatively weak, does raise a 
question about placement. Lachnospira multi- 
parus nov. sp. is proposed as the name for the 
type species. Glucose is fermented to give H:, 
CO:, ethanol and acetic, formic and lactic acids. 
No methane, or butyric, propionic or succinic 
acids were produced. These organisms fre- 
quently are present in considerable numbers in 
rumen contents, but they never represent a 
major fraction of the strains isolated from a 
given sample of rumen fluid. Presumptive 
identification may be made on the basis of the 
characteristice filamentous colony. 


F. E. Nelson 
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14. The anaerobic monotrichous butyric-acid 
producing curved rod-shaped bacteria of the 
rumen. M. P. Bryant and N. Sma. J. 
Bacteriol., 72: 16. 1956. 

A new genus Butyrivibrio is suggested for a 
group of rumen bacteria that are monotrichous, 
nonsporeforming, gram negative curved rods 
that ferment glucose with the production of 
large amounts of butyric acid. The genus was 
placed in the tribe Spirilleae of the family 
Pseudomonadaceae. Among the 48 cultures 
examined, there was considerable variation in 
morphological and physiological characteristics. 
The type species, Butyrivibrio fibrisolvens nov. 
sp., was described upon the basis of the charac- 
teristics of one of the most representative 
strains. This species produced CO:, He, and 
butyric, formic and lactie acids from glucose. 
Many other carbohydrates also are fermented. 
Other members of the genus not placed in the 
type species differ mainly in not fermenting 
some of the carbohydrates. One of the most 
different strains did not produce H: and pro- 
duced large amounts of formie acid. 

These organisms appear to be among the most 
numerous types in the rumens of cattle and 
sheep fed various rations. They digest many of 
the major constituents of ruminant rations, such 
as xylan, celluiose, starch and protein. 

F. E. Nelson 


15. Proteolysis by Lactobacillus casei. I. 
Proteinase activity. K. BRANDSAETER and F. E. 
NELSON. J. Bacteriol., 72: 68. 1956. 

Maximum proteolytic activity of the cell- 
free extract was at pH 5.5 to 6.0, with more 
than half of the activity remaining at pH 5.0. 
Addition of CaCO: to a milk culture caused a 
marked increase in proteolysis, probably be- 
cause the reaction was maintained above pH 
5.0. Maximum casein degradation by the cell- 
free extract in a 30 hour period was obtained 
at 50° C. and pH 6.0. The enzyme activity 
showed maximum heat stability at pH 5.0 to 
5.5. The characteristics of the enzyme indicate 
that L. casei may be an important factor in the 
protein degradation in Cheddar cheese. 

F. K. Nelson 


16. Proteolysis by Lactobacillus casei. II. 
Peptidase activity. EK. BRANDSAETER and F. E. 
Neuson. J. Bacteriol., 72:73. 1956. 

The cell-free extract of this organism showed 
activity against a number of di- and tri-pep- 
tides. Using a reaction time of 1 hr. at pH 7.0, 
maximum activity on most peptides was ob- 
tained at 45° C. Cobalt at 0.0004 M concen- 
tration increased peptide hydrolysis at pH 5.5 
considerably in many cases and also increased 
hydrolysis of glyeylglycine at pH 7.7. Activa- 
tion by Zn** was greatest at pH 7.5-8.5. An 
equimolar concentration of Zn** prevented pep- 
tidase activation by Co~* at pH 5.5. The pep- 
tidase activities at pH 5.7 in the presence of 
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Co™* were less stable toward heat than were 
the peptidase activities at pH 7.0 to pH 8.0 
in the absence of Co”. 


F. E. Nelson 


17. The utilization of dihydrothymine by 
Streptococcus faecalis in the absence of folic 
acid and thymine. J. F. Wavper and R. M. 
Fink. J. Bacteriol., 72:105. 1956. 

Dihydrothymine supported growth of S. 
faecalis in a medium deficient in both folie acid 
and thymine. The activity was much less than 
that of thymine or folie acid. The action of di- 
hydrothymine apparently was not due to the 
presence of thymine. 


F. E. Nelson 


18. The acetate requirement of Streptococ- 
cus faecalis. G. D. SHockmayn. J. Bacteriol., 
72:101. 1956. 

Under conditions of good aerobiosis, ade- 
quately depleted inoculum and omission of 
reducing agents in the culture medium, an ab- 
solute requirement for acetate exists. Under 
anaerobie conditions, no such requirement ex- 
ists. Lipoie acid plus thiamine may substitute 
for acetate under aerobie conditions. Cells 
grown anaerobically or aerobically in the pres- 
ence of acetate contain almost no lipoie aeid. 
Cells grown aerobically on lipoie acid contain 
significant quantities of lipoie acid. 


Fk. E. Nelson 


19. The effect of carbon dioxide on poly- 
saccharide production by Streptococcus bovis. 
J. A. Dain, A. L. Neat and H. W. SkExeEy. 
J. Baeteriol., 72:209. 1956. 

The majority of strains tested required COz 
for slime formation on sucrose-gelatin agar. 
Slime production in presence of COs, inability 
to ferment mannitol and greening on _ horse- 
blood agar were correlated in most instances. 
The COs requirement could be replaced by in- 
cluding 0.1% Tween 80 in the plates and in- 
cubating anaerobically. The CO:-dependent 
slime from one strain was identified as a glu- 
cose-containing polysaccharide. 


F. E. Nelson 


20. The role of succinate as a precursor of 
propicnate in the propionic acid fermentation. 
H. G. Woop, R. StsERNHOLM and F. W. LEAVER. 
J. Bacteriol., 72: 142. 1956. 

Washed cells of Propionibacterium arabi- 
nosum and C-labelled carbon compounds were 
used. Propionate is not an inert end product 
of the propionie acid fermentation. Succinate 
was eonverted to propionate and acetate, but 
there was no evidence of a central direct cleav- 
age of the succinate to two acetate molecules. 
The isotope carrier technique indicated propion- 
ate was converted to succinate very slowly, but 
among intracellular acids propionate is con- 
verted to succinate very rapidly. More than 


one pool of propionate and succinate exists in 
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the cell and the conelusion is reached that sue- 
cinate and propionate probably are formed by 
more than one pathway. 

F. E. Nelson 


21. Sporulation requirements of Bacillus 
coagulans var. thermo-acidurans in complex 
media. M. Amana, Z. J. Orpar and A. Tousa. 
J. Baeteriol., 72: 34. 1956. 

Addition of NiSO:, MnsS0O. or CoSO. at 1 
ppm. to a peptone-containing agar medium 
markedly stimulated growth and sporulation. 
The effect was particularly pronounced at 55° 
C. incubation. Addition of malie or a-ketoglu- 
taric acid to broth shake cultures containing 
manganese stimulated sporulation by ene diffi- 
eult strain. The role of manganese did not 
seem specifically related to stimulation of pro- 
teinase production by this element. 


F. EK. Nelson 


22. Stimulation of growth initiation by 
heat degradation products of glucose. H. H. 
LaANKForD. J. Baeteriol., 
72:511. 1956. 

Lactobacillus fermenti was used as test organ- 
ism. A solution of 20% glucose plus 2% phos- 
phate (pH 6.4) and autoclaved at 121° C. for 
15 min. gave more rapid initiation of growth 
when added to a complex basal medium than did 
glucose autoclaved in the medium, autoclaved 
alone or sterilized by filtration. The effect was 
best with autoclaving at pH 6.4, being much 
less above pH 7.0 and decreasing more gradu- 
ally at acid pH vaiues. Although autoclaving 
of glucose plus phosphate for 5 min. at 115° C. 
gave some effect over separately autoclaved 
glucose, 15 or 60 min. at 121° C. gave larger and 
more numerous colonies. The initial stationary 
phase was inversely related to the glucose con- 
centration supplied from the glucose-phosphate 
mixture. The effective agent apparently is 
neither an aldehyde or ketone nor a phosphory- 
lated derivative of glucose. Partial purification 
has been achieved by column chromatography. 
A number of other gram positive bacteria also 
initiated growth more promptly in the presence 
of autoclaved glucose-phosphate mixture, while 
a number of gram negative organisms tested 
were not affected. 


F. KE. Nelson 


23. Discovery of of a new acetate-replacing 
factor. H. R. Sueaes, L. D. Wricut, E. 
L. Cresson, G. D. E. MacRar, C. H. Horrman, 
D. EK. Wor, and K. Fo.kers. J. Baeteriol., 
72 :519. 1956. 

Lactobacillus acidophilus strain 4963 was used 
as test organism, but L. bifidus, L. bulgaricus 
and Thermobacterium acidophilus also re- 
sponded. A “vitamin Bis” concentrate subjected 
to a 200-plate countereurrent distribution be- 
tween ether and water yielded both a lipoie acid 
fraction and the new acetate-replacing factor. 
Commercial whey, fish solubles, distillers’ sol- 
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ubles and certain yeast extracts are relatively 
rich sourees of the factor. An assay procedure 
and a procedure by which useful concentrates 
of the factor may be obtained are outlined. 

F. E. Nelson 


24. Some characteristics of a growth stimu- 
lant in corn steep liquor for Lactobacillus casei. 
A. H. Hermsucn, L. W. Avuranp and M. L. 
Speck. J. Baeteriol., 72:543. 1956. 

Chromatographie studies, absorption spec- 
trum in the ultraviolet region and chemical 
stability characteristics indicate the factor is 
a nucleoside, probably of pyrimidine. The 
faetor is different from others described in the 
literature for this organism. 

F. E. Nelson 


25. Culture and physiology of a starch- 
digesting bacterium (Bacteroides amylophilus 
n. sp.) from the bovine rumen. L. J. HAamiLin 
and R. E. Huneate. J. Bacteriol., 72 :548. 1956. 

This organism is gram negative and non- 
motile, in addition to digesting starch. Pleo- 
morphism occurred to varying degrees with the 
different strains and large intracellular granules 
could be detected in large cells. Of a eonsider- 
able number of hexoses and disaccharides tested, 
only starch and maltose were fermented. Acetic, 
formie and succinic acids are produced. Traces 
of ethanol and lactie acid may be formed. These 
organisms were not found at all in three animals 
examined and were not always found in the 
rumens of the three animals from which iso- 
lations were made. Occasionally they are present 
in relatively large numbers. Methods of study 
are well presented. 


F. E. Nelson 
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26. The copper promoted decomposition of 
vitamin B.: in solutions of ascorbic acid. A. 
J. RosENBERG, Merck and Co., Ine., Rahway, 
N. J. J. Biol. Chem., 219, 2: 951. 1956. 

Vitamin Biz is decomposed in solutions of 
ascorbie acid. The decomposition is strongly 
promoted by cupric ions which are inactivated 
in the process. Dehydroascorbie acid also pro- 
motes the decomposition of B:z in a similar man- 
ner to ascorbie acid. A study of the kineties 
of the reaction at 76.6° C. was made and a cobal- 
amin-like product was recovered from the re- 
action. 


B. L. Larson 


27. A pressor material produced by the 
action of pepsin on casein. O. H. McGuory, 
N. S. Ousen, and L. Fieip, Vanderbilt Univ., 
Nashville, Tenn. J. Biol. Chem., 219, 1:299. 
1956. 

The formation of a pressor material from the 
action of pepsin on casein was confirmed. This 
material was isolated by a method suitable for 
large seale work and was purified to free it from 
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substances having a depressor action. The ma- 
terial is called pepsitensin and is a polypep- 
tide or mixture of polypeptides produced by 
true enzymatic action rather than autolytic. 

B. L. Larson 


28. Lactose metabolism. IV. The function of 
uridine triphosphate in the interconversion of 
glactose-1-phosphate and glucose-1-phosphate. 
R. G. Hansen and R. A. FREEDLAND, Univ. of 
Illinois, Urbana. J. Biol. Chem., 216, 1: 303. 
1956. 

Crude extracts from L. bulgaricus and S. 
fragilis interconvert galactose-l-phosphate and 
glucose-1-phosphate when catalytic amounts of 
either uridine diphosphate hexose or uridine 
triphosphate are present. Fractionated ex- 
tracts respond only to uridine diphosphate 
hexose. Uridine diphosphate hexose was formed 
from either galactose-l-phosphate or glucose- 
l-phosphate, and uridine triphosphate from 
enzymes present in the S. fragilis extracts and 
in the unfractionated L. bulgaricus extracts. 

B. L. Larson 


29. Lactose metabolism. V. The uridine 
nucelotides in galactose toxicity. R. G. Hawn- 
SEN and R. A. FreepLAND, Univ. of Ill., Urbana. 
J. Biol. Chem., 219, 1: 391. 1956. 

By means of a formic acid-Dowex-formate 
column, uridine nucleotides were isolated from 
normal chicks and chicks fed galactose. Chicks 
fed galactose contained more than twice as much 
uridine diphosphate hexoses (UDPHexose) in 
their livers as normal chicks. In normal tissues 
glueose is the most abundant hexose found in 
UDPHexose although galactose is also present. 
In chicks with galactose toxicity, the concen- 
tration of UDPHexose is increased and in some 
cases galactose may be practically the only 
hexose in the UDPHexose fraction. 


B. L. Larson 


DAIRY ENGINEERING 


30. New milk separation system ups quality, 
cuts cost. Anon. Milk Prod. J., 47, 10: 28. 1956. 

A new “liquid seal” type separator has re- 
sulted in the production of better butter and 
cream from sweet milk as well as important 
cost-cutting advantages. 

The liquid seal is simple in principle. The 
milk filled separator bowl rotates around a 
stationary “centripetal pump” (often referred 
to as a collector) which is built into the top 
of the machine. The pump dise periphery is 
submerged in the milk, creating the “liquid 
seal.” The sealing action of this method is abso- 
lutely airtight and sanitary. 

The liquid seal also provides pressure. The 
rotating milk or cream, in seeking exit, flows 
through the dise channels of the stationary 
centripetal pump (this is the reverse principle 
of a centrifugal pump) and the rotating energy 
is converted into pressure. The product is then 





A6 ABSTRACTS OF LITERATURE 


discharged foamlessly at practically any re- 


quired pressure, thus eliminating the need for 


accessory pumps. 
This separator can be used both for hot or 
eold separation of milk and whey. 
J. J. Janzen 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


31. Plastic body route trucks. 
Eng., 28, 10: 88. 1956. 

New plastic body route trucks operated by 
Carnation Company possess several unusual 
features. They are both integrally insulated 
and refrigerated. Weight is 500 lb. less than 
standard metal bodies. They are easier to keep 
cool and are simpler to clean and sanitize. 
Although present initial cost is 6-10% higher 
than metal bodies this is more than offset by 
savings in operational costs, maintenance, and 
repairs. 


Anon. Food 


T. J. Clayton 


GENETICS AND BREEDING 


32. Underdeveloped mandible in a herd of 
dairy Shorthorn cattle. H. T. Grant, Univ. 
of Nottingham, Sutton, Borrington, Lough- 
borough, England. J. of Heredity, 47, 4: 165. 
1956. 

The condition of a shortened mandible (2.5 
em. in one case) with molars impacted in both 
jaws was found in 15 eases ((11 males and 4 
females) carried full term. Of 4 other defec- 
tive calves born during this period, 1 was blind 
in both eyes, 1 had short forelegs, and two were 
not deseribed. Six affected calves were first 
gestations and one or more represented gesta- 
tions No. 2, 3, 4, 5 and 8. The defective calves 
were born over the period 1941-53 out of a total 
of at least 1202 ealvings by 48 bulls. The 15 
defective calves came from 12 different cows, 
only one of which produced more than one (4) 
defective calf. The parents of all 15 calves 
and of many others, traced one or more times 
to a bull that was twice a first prize winner at 
the Royal Show. The author suggested that a 
recessive pleiotropic jaw shortening gene 
could cause this and other similar defects vari- 
ously called agnathia, brachygnathia, microg- 
nathia, bird face, parrot mouth, parrot beak, 
overshot jaw, undershot jaw, fish face, fish jaw 
and pig jaw. 

L. O. Gilmore 
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33. Colic in infants. A nine-author panel 


discussion, led by J. Glaser, Univ. of Rochester 
School of Med. Pediatrics, 18, 5:828. 1956. 
The problems of defining “colic” and deter- 
mining its causes are reviewed. Sensitivity to 
foods is not always the cause. One author (L. 
Breslow) studied 90 infants who had “the 
usual manifestations of colic,” and listed 11% 


as having an intelerance for butter fat; 10% 
were classed as cases of “cow’s milk allergy” 
(probably referring to protein). B. Ratner 
reported that he is “not entirely in accord with 
the use of milk substitutes unless the infant is 
sensitive to the casein fraction.” Heat de- 
naturing of milk and other foods reduces the 
incidence of colic in infants, when such con- 
dition has a basic allergic cause. There was 
general agreement among the authors that an 
allergie etiology accounts for only a small frae- 
tion of the colic seen in infaney. 


F. E. Rice 


34. Effect of added lysine on growth of rats 
fed a cereal and milk diet. H. P. Sarert, 
Mead Johnson Research Lab., Evansville, In- 
diana. J. Nutrition, 60, 1:129. 1956. 

A mixed cereal, Pablum, was used containing 
wheat, oats, and corn, with other added non- 
protein constituents. The basal rat diet con- 
sisted of 70% Pablum mixed with 30% powd- 
ered whole milk, which was ealeulated to 
furnish 60% of the total protein as cereal and 
40% as milk. Lysine content of this diet by 
calculation is 1.08%. On this basal diet the 
rats grew as well as they do on “stock diets.” 
The addition of 0.14% or 0.28% of L-lysine 
did not significantly increase the gain in weight 
of the rats. The authors postulate that in in- 
fant nutrition the commonly fed mixture con- 
sisting of 61% cereal and 39% powdered milk, 
the equivalent of one part cereal to 5 parts of 
fluid milk, which contains about 1.2% lysine is 
satisfactory with respect to lysine content, and 
that there is no need to supplement such a 
diet with added lysine. 

F. E. Rice 


35. Weight gains in the first four weeks 
of infancy: A comparison of three diets. R. 
T. Gross, and L. E. Mosss, Stanford School of 
Med. Pediatrics, 18, 3:362. 1956. 

The weight gains of 407 normal full term 
infants during the first 4 weeks of life are 
reported. Infants were fed as follows: 65 
breast fed; 180 on an evaporated milk formula 
with added carbohydrate; 162 on a commercial 
infant food prepared to simulate average 
human milk in composition. Weight gain alone 
was taken as a criterion. Analyses of the data 
showed that there were no significant differ- 
ences in weight gain between the three groups. 
The authors caution against too sweeping con- 
clusion being drawn from this study sinee they 
inade no observations or comparisons as to fre- 
quency of constipation or “eolie,” possible 
superiority in the breast fed group in part 
due to the ability and willingness of the mothers 
to feed at breast for four weeks, ete. 

F. E. Rice 


36. Studies of tocopherol deficiency in in- 
fants and children. H. M. Nirowsky et al., 
Sinai Hospital, Baltimore. Am. J. Diseases of 
Children, 92, 2:164. 1956. 
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Plasma tocopherol levels in postpartum moth- 
ers were 1.07 to 1.56 mg. % and in newborn 
infants 0.22 to 0.26 mg. %. Normal adults 
average 0.75 mg. %. All observations pointed 
to the conclusion that the placents is relatively 
impermeable to tocopherol and that there is 
difficulty in attempting to raise fetal vitamin E 
levels by administration of tocopherol to the 
mother. At average age of 46 days, after feed- 
ing cow’s milk mixtures, mean plasma tocoph- 
erol levels rose to 0.33 mg. %, and after breast 
feeding, to 0.72 mg. %. Oral supplementation 
with small doses of tocopherol esters caused 
prompt rises in plasma tocopherol in the 
infants. 


F. E. Rice 


37. Milk powder for school children. J. Ain. 
M. A. Foreign Letters. 168, 8:830, 1956. 

Observations were made on 337 scholo boys, 
some of whom were given non-fat dry milk 
obtained from United Nations Fund. One oz. 
of the powder per day in addition to the regu- 
lar diet caused the group so fed to increase 
0.4 in. in height and 0.63 Ibs. weight over the 
non-milk group in one year. 


F. E. Rice 


A7 


38. Gastrointestinal allergy to cow’s milk in 
the neonatal period. R. B. Tupor, Bismarck, 
N. D., Hospitals. Lancet, 76, 9:245, 1956. 

Seven cases believed to be gastrointestinal 
allergy are reported. Six cases occurred on 
evaporated milk, and one on dry milk formulas. 
Symptoms were colic, vomiting, diarrhea, nasal 
stuffiness, cough, and/or wheezing. Five cases 
improved when placed on Mull-Soy, one on 
gvoat’s milk, one on a meat base formula. The 
author reports that one baby gave a positive 
skin test to cow’s milk. It is not stated if the 
diagnoses were checked by skin tests in the 
other cases. 


F. E. Rice 


39. Bottle-feeding supplement. EK. Watcu, 
Heidelberg, Germany, Modern Med., 24, 20: 
256. 1956. 

The addition of beta-methyl-N-acetyl-D-glu- 
cosaminide to a cow’s milk formula fed to new- 
horn babies results in a predominant Lacto- 
hacillus bifidus intestinal flora as in babies on 
human milk. And the stools resemble those of 
breast fed babies in consistency and color, and 
in containing almost exclusively gram-positive 
flora. 

F. E. Rice 


























Bacto-Dehydraied Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition 
of specified increasing amounts of the vitamin or amino 
acid being assayed to obtain a growth response which may 
be measured by acidimetric or turbidimetric methods for 
the construction of standard curves. The vitamin or amino 
acid content of the material under assay is determined by 
adding appropriate concentrations of the test substance to 
the basal medium and comparing the growth response 
obtained with that of the standard. 








BACTO-RIE ‘FLAVIN ASSAY MEDIUM BACTO-CHLORINE ASSAY MEDIUM 
BACTO-NIA IN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-Bi2 ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN Bi2 AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been devel- 
oped especially for carrying stock cultures and for prepara- 
tion of the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-Bi2 CULTURE AGAR USP 
BACTO-MICRO INOCULUM BROTH BACTO-Bi2 INOCULUM BROTH USP 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 
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